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Jlokazagn Akagemun nayr CCCP 
1959, Tom 128, Ne 5 


MATEMATHKA 


JI. M. ABPAMOB 


| OB SHTPONHH MOTOKA 


(IT pedcmaeazeno axademuxom A. H. Koamozopoeum 10 VI 1959) 


Ilyctp {S?}— u3MepHMbIii NOTOK, T. €. OMHOMapaMeTpvyuecKkan rpynna aBTo- 
Mopu3moB S;, —oco<t< + oo, mpoctpaHctBa Jle6era, yRoBeTBOpsIONlaA 
OOBIMHBIM YCJIOBHAM H3MeEPHMOCTH (TOUHbIe ompeyesenua cM. B (+), § 5). Vsa- 
BecTHO (7, °), 4To ecIM OTHOUIeHHe ¢,/t, pal\HoHasbHO, TO dHTponua A(S;) 
aBTomopdusma S;, H sHTpomua A(Sz,) asromopdu3ma S;, cBA3aHbl COOTHOILLEe- 
HHeM 


A(S:,) = |7| (St). (1) 
A. H. Kommoropos * nocTaByul BoNpoc 0 clipaBeIMBOCTU COOTHOWEeHHS (1) 
B culyyae, Korga oTHoweHve ?¢,/t, UuppalluoHambHo. Bnpeyb oO BbISCHeHHA 


9TOrO BOMpoca OH OMpesemu 2HTponMIo noToKa {St} Kak sup +A(Si), t > 0. 


B HacToslei 3aMeTKe JoKa3bilBaeTcaA, TO cooTHOIWeHHe (1) cnpaBelHBO 
Ta mo6pix t,, t (Teopema 2), Ono saBuIaeTCH HeMOCpeCTBeHHBIM CJleCTBHeM 
TEOPEMBI O MpeAcTaBJIEHHH H3MePHMbIX NOTOKOB CiellMaJIbHbIMH NOTOKaMH ((*), § 6) 
MQ OCHOBHOM TeOopeMbI HacTOALeH paOoTh (Teopema 1), KoTOpasd MoOsBOuIAeT 
BHINHCJIMTb SHTPONHIO ABTOMOP@H3MOB, BXOJAUMX B CHelvasbHbIM NOTOK. 
Teopema 2 no3BOJIAeT ONpeeIMTh ZHTPONHIO UBMepuMoro NMoTOKa {S¢} MpocTo 
Kak 9HTponuio aBTomopdu3ma S, 

Jloka3aTebcTBO TeopeMbI 1 omupaeTca Ha opMY JY, CBASbIBAaIOLLYIO 9HTpPO- 
IMIO aBTOMOp*H3Ma C ZHTPOMHeH MpOH3BOAHOTO aBTOMOpdu3Ma (cM. (*)). Kak 
uv B (4), MbI OyeM MpHAepxKUBAaTLCA OMpeseneHHH HM OGO3HaueHHH paodor (',°). 

SHTpONHA HEKOTOPBIX CMeWMaJIbHbIX MOTOKOB, ompefeweHHEIX A. H. Kous- 
MOrOpOBbIM B TePpMHHaX TeOPHH MapKOBCKHX MponeccoB, Oblwia BbIMuCeHa 
A. H. Koamoroposnm (°) u 4. I. Cunaem (7). Herpyguo sugzetb, 4To dbopmyubl, 
JOKa3aHHble TaM, ABJIAIOTCA YaCTHbIMH CIyuaAimMu Teopemp! |. 

Saylaua BbIYHCJICHHA SHTPONHH ABTOMOP@H3MOB, COCTABJIAIOUIMX CiMelMaJb- 
HbIM MOTOK, Oblwia mpeqmoxweHa mHe B, A. PoxauHbim, NOX PYyKOBOACTBOM 
KOTOpOrO BbINOJHeHa HacToAlad padota. 

1. Jiemma. IJIycmo Y—npocmpancmeo Jlebeza c mepou v; U —npo- 
meacymok [0,1) c o6el4uHoti mepoi Jlebeza h; »—u3smepuman MynkyuA, Oomo- 
Opancarwan Y @ U; T—aemomopdu3m npocmpaucmea Y. Ilycme S — aemo- 
mopgusm npocmpancmea Jlebeca M=Y XU c mepotiw=vxXhk, onpedennemotii 


gopmyaoti 
S(y, u) = (Ty, u+ 9(y)) (mod 1). 


Tozda h(S)=h(T). 

TlokasaTeabcTBo. Ouesuguo, uto h(T)<h(S). Myctb Dy, Ds, ...— 
6a3uc mpoctpaHcTBa Y; m&— pa3sOueHHe mpoctpancTBa Y, mopoxfeHHoe MHO- 
»*ecTBamMi D,, Dz,..., Dm; m§—pa30veHve mpocTpaHctBa M, nopowxdeHHoe 
mHoxectBamu D,xU, D,xU,..., Dn xU, u &—pas6uenne mpoctpanctBa M 


te 
ty 


* B qoknajye Ha CeMHHape MO MeTpHueCKOH Teopuu THHaMHYecKHX| cucTeM B MI'Y B oxTAOpe 
1958 r. 
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Ha orpesku Cy = yXxU(y€Y). OOosHauuM Yepes 8, r=1,2,..., pasOvenme Hl 


mpomexytka [0,1) Ha r paBubix yacreli Ay, A;,..., A7, HM nYCTb (o — pas-it 
6veHHe MmpoctpaHcTBa M Ha MHOx«KeCcTBa Yx Ai, ‘i= 1, 2), \Sjors aay eee 
He Sniss UCL, 2 ye ane II més =&§ (mod0), To npu moOnix n ur 
m=1 
m—>oco HI 


(cm. (2), § 1). Pas6venve ,CS$ uHayuMpyer BR KaxkOM 2ulemeHte Cy, pa30ne- fi 
Hua € pasOveHHe Ha He OouIee 4eM NF OTPe3KOB, HU, 3HaUHT, 


H (,C8) 8) <log rn. (3) )) 


Bo3bMeM MpoH3BouIbHoe © > 0. Jima Kaxgoro r=1, 2,... BblOepem Takoe 


41 € H : 
Nr, YTO ——logrn, <>, M MOMOxKUM Mm, paBHBIM HaMeHbIeMy H3 HaTypasib- jf 
: 
HbIxX UHCeJ Mm, WIA KOTODPbIX 


€ . 


H (Ces es) < log fii; a (4) \) 


CyllecTBOBaHHe TaKHX 4HCe culeqyeT u3 (2) u (3). Onpenemum HWHAYKTHBHO 


NOCN€QOBATEIbHOCTb MM, M,,... TlonoxumM my = 1 um, = max {m,_4; Mm); Tr} | 
npH r=1,2,... Torga npu mo6pix r u k 
4 k k PE h I 
Np n inp on n 1 n a 
kn, A (Cs |m,6s Sn >, H (S ays |m,Es j x eh (Cs° |m,&) <é. (5) 4 
i—o J : 


PasyeIMM BCe 4WJIeHbl paBeHCTBa 
H [(mE0)57) = Hin Fer ce (ater) + A 
Ha kn, 4 mepeliqem K mpeeny npu k—> oo. Besemcrsue paBeucTBa H (mes) = 
= H (ma?) u (5) Momyuaem 
A(S, m5) A(T, mp&) +8. (6) 
Tlepexoga B (6) k mpegeny mpn r—> oo ((3), § 4), momyyaem 
A(S)\<A(T) +8, A(S)<A(T). 


§ 2. QHTponua cnenwvaadbHOoro NoToKa. B atom naparpade 4 
NOJIb3yI0Cb OlpefesIeHHeM CIelMa/IbHOrO MOTOKAa, NOCTpoeHHOrTO M0 aBTOMOp- 
(bu3mMy M (yHKWHH, JaHHoM B (1), § 6. Kak u tam, Y o6o3Hauaer mpoctTpau- 
cTBo JleOera c HOpMHpoBaHHO uM HeHOpMUpoBaHHolt MepoH vy; J —ero 
aBTOMOppu3M;, f —usMepumyio dbyHKuMIO Ha Y, YOBMeTBOpAIOLLy!I0 YCOBUAM: 


f(y) >t>0; (Za) 
\f (y) dv = 1; (7b) 


U — BeINeCTBEHHOe TepeMeHHoe; Y — moqnpocrpaHcTBo mpoctpauctBa Y xX (u) 
C MepoH v, cocTosulee u3 TeX ToWeK (Y, WU), DJIA KOTOPBIX Ox<u<f(y), u 
{T+} — cnevasbHbIit NOTOK, MOcTpOeHHBI m0 aBTOMOpdu3mMy T wu dyHKuuy f. 
Teopema J. .h(T).=|¢lh(T)9Y, — 0 << 4h ee) 
Bo us6exaHve HeLopasyMeHuit 3aMeTHM, TO SHTPpONMA aBTOMOpPu3Ma, 


ONPeAeJICHHOrO B NpPOCTPaHcTBe C HEHOPMHPOBaHHOM Mepol, BLIYHCJIAeTCA MOcwe 
HOPMHUPOBKM 9TO Mepbl. 
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MJlokasatTeabctsBo, Ilycrb cuayana 0O<t<t. Tonoxum 
4 
g(y) =t—F(y) + [FFM]. 


Ilyctp oan x [0, ¢) u T;— aBromopu3m mpoctpauctsa Y}, ompeyleuiae- 
MBI PopMyvIon 


Ti(y, u) = (Ty, u -- ft (y)) (mod t). 
IIpumeusaa emmy § 1, nomyuaem: 
h(T;) =h(T). 


JlerkO BUJeTb, YTO TH ¥ coBmayaer c TiPOH3BOJHBIM aBTOMOpu3MoM, HHLy- 


IHPOBaHHbIM aBTOMOpd¥3MOM T; Ha MHoxecrBe Y; (4). Tak Kak vY;= ¢vY, To 
((*), Teopema 2) 


h(T,) = th(T) vY = th(T)vY. 


Ecau ¢=(0— mo6oe sBeulecrBeHHoe 4MCIO, TO HalimeTca Takoe Ieoe n, 
uto O<t/n<t. Torga ((*), Teopema 3; (°), § 4) 


A(T) = |n|h(Ttn) = |t|h(T)vY 
Teopema jOoKa3aHa. 

Sameuauue. JloKa3aTembcrBo Teopembl! | UucnMoub3yeT cBolcTBO (7a) 
dbyukunu f. He mpupaekad HoBbIX Hel, MOXKHO YCTaHOBHTb CipaBeMHBOCTb 
TeopembI | Wa NoTOKa, NocrpoeHHoro Mo aBTOMOpPu3My HM *YHKUMH, aA 
KOTOPOH BMeCTO yculoBuaA (7a) mpeamomaraetca, 4uTO [ (y) > 0. 

§ 3. DHTpONHA H3MeEPHMOrO NOTOKA. 

Teopema 2. Ecau {S;}—u3mepumolii nomok, mo 


OS) WS oo ee 


JoKkxa3atreabctso. Ilyctb A—MuHoxecTBO BCeX HENOJBHKHBIX TOUeK 
notoKa {S?} 4 B = M—A. Ha muoxectsBe B motTokK He HMeeT HemOJBHKHbIX 
TOueK H MO TeopeMe O MpefcTaBJIeHHH H3MePHMbIX NOTOKOB (('), § 6, nm. 2) 
MOXKeT ObITb pa3zJIO%KeH Ha KOHeYHOe MVIH caeTHOE UHCJIO KOMIOHEHT, H30MOptp- 


HpIx mod 0 CHelHaJIbHBIM MOTOKaM. Ilyctp B= U By, — pa3oxkeHve MHOxKee 
=1 
cTBa B Ha WHBapHaHTHbIe OTHOCHTeJIbHO aaron {Sz} MHoxKecTBa Bry Takoe, 


4TO MpH s060M HaTypawbHom k komnoHeHTa {(Sz,)t} NOTOKa {St} Ha MHO- 


xecTBe B, u30mMoptHa mod0 uekoropomy cmelyHalibHomMy noroky. Komnio- 
HeHTY MoToKa {S;} Ha MHOxKecTBe A oOo3HauuM yepe3 {(Sa)}. Ha ocHoBaHnu 
TeopeMbl s) paOoThI (*) mowyuaem 


h(St) =hAl(Sa)l pA + DA((Sz,)1uBa, —oo<t<+oo. 


h=1 
OuepugHo, uTo h[(S4)y] = 0. Hi3 Teopempr 1 caemyer, To 

bi(Sapd—(t(Al(Sa,hl, «Rad, 2s. 0 oo P< es. 
Takum o6pa3om, 

h(St) =|t| A U(Sa,)leBe =|t14 (Si), —2<t<+o, 

k=1 
- “ Iloctynuso 

SOUS cy tiar en ia od 3 VI 1959 


WMTHMPOBAHHAA JIMTEPATYPA 
1 B. A. Po x mun, Yeu. matem. nayk, 4, 2(30) (1949). 2? A.T.C una, AH, 124, 
Ne 4 (1959). *,B. ie Pox aH 4, JAH, 124, "Ne 5 (1959). 4J]. M.A6pamos, JIAH, 128, 
Ne 4 (1959). ® A. ROO ioe 2) JAH, 119, Ne 5 (1958). ® A.H. Koamoro- 
pos, JIAH, 124, No 4 # (1959), 7A.T.Cuna hy, TAH, 125, Ne 6 (1959). 
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Jloxnzayn AkafeMuu Hayk cccP 
1959. Tom 128, N’ 5 


MATEMATHKA | 


A. A. BEHJIMHCOH 


MPMMEHEHWE METOJA ®YHKIUMOHAJIBHOrO HHTETPHPOBAHHA 
K MOCTPOEHHIO ®YHAAMEHTAJIBHOrO PEWIEHHA YPABHEHHA 
®OKKEPA — MJIAHKA — KOJIMOrOPOBA 


(IIpedcmaerexo akademuxom A. H. Koamozopoesim 5 VI 1959) 


B ocHoBy BepOATHOCTHOrO ONMCaHHA HHAMHYeCKOH CHCTeMbI C MOMOUIbIO — 
(byHKUMM MJIOTHOCTH BEPOATHOCTH COCTOAHHA, YHOBJIETBOPAIOWeH ypaBHeHHI0 
®oxkxkepa — IInaHxa — Koumoroposa, Moker ObITb MOIOX%KeHO ypaBHeHHe TuNAa 
Jlauxesena F(x, x,..., x,t) = 9(t), Te y (t) — cyyaliupl mpouecc c $-o6pas- - 
HOH KOppeAUMOHHOH (dbyHKUMeH (Tak Ha3biBaeMblH Oem wym). Cayuai, 
Korgja F — muHeinad dbyHKUHA, MPHBOAUT K TayCCOBbIM MWIOTHOCTAM BeposT- 
HOCTH H MHOFOKpaTHO uccaeqoBasica (cM., Hampumep, (1, *)). B Hacrosmeli 
paOoTe nomyyeHa 3anucb (yHaMeHTaIbHOrO pellleHHA ypaBHeHust DPoKKepa — 
IInanxa — Konmoroposa lia cnyyas, Korga F muHelinva no Bice npou3Bol- 
HoH, vepe3 (yHKIWHOHAJIbHbIM HHTerpasl, OM3KHH K HHTerpamy no mepe Bu- 
Hepa. IIpu 3TOM pe3ysbTaTbI, y2Ke H3BECTHbIe B JIMHCHHOM Cly4ae, NMOyUeHbI, 
C HallleHi TOUKH 3peHHA, HaMOomee MpocTHIM MyTeM. 

PaccMoTpuM JuHamuuecky!lO CHCTeMy 


TUE (tae) gs oly. den (Ty dA) yee ken Eh eel at) ee eee eS 
HH, O6o3Ha4aA (x,(t),...,Xn(t))= x(t), 
° 0 
Az(x(t), X(t), t) =O mp X(t)[roo = x. (1) 
Ilycrb Ha cucTemy JelicTByioT fn OeubIX UWIYMOB, MpHuem cnekTpaibHaa 
MJIOTHOCTh A;(t) Kaxoro Wyma ¢;(t) ABJAeTCH 3aaHHol cbyHkKuUvel BpeMeHH. 
Ilyctb 9TH WYMbI BBOAATCA B CHCTeMYy CJleJy!olluM O6pa3om: 
Xi (t) + Bi(x(t), t) = (7). (2) 
ByfeM UCKaTb MVIOTHOCTb BePOATHOCTH COCTOAHHA cHcTeMbI (2) c WIyMaMH. 
PaccMOTpHM BCMOMOraTeJIbHYIO CHCTeMy 
Yi (t) = (Ct), (3) | 
MpHueM 3eCb CMpaBa CTOAT TOUHO Te Ke IWYMbI, YTO HB (2). 


Gaflaya BepOATHOCTHOrO ONMCaHHA Tako CHcCTeMbI H3BeCTHa (cM. JIHTepa- 


Typy K oOsopy (°)); @yHKUHA MIOTHOCTH BePposATHOCTH cCOCTOAHUA 9BTOH CcH- 
CTeMbI e€CTb 


fe : —'/, n cae 0 
W (y, 0; Vou eee ip} (= 4 (t) dx) exp |— > ve y;)° = 
Sabon PAN hte 
| 
n t y? (z) n 
={ ..-exf— (49 alll Dy, P 
Cy, Cyn i=1 0 C i= 


0 
Yiea0=Y, Yieat =. 
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| Sfecb cnpaBa 3anvcaH N-KpaTHbIM HHTerpad, onpesemsArouMi n- Mepxyio FEEOR: 
Hy10 Mepy Buuepa. 

OueBuHO, 3aaua BepoATHOCTHOTO oMmMcaHHA cucTeMbI (2) cBemacb Tenepb 
K HeJIMHeHHOMy MpeoOpas0BaHHio MepeMeHHbIX B HHTerpavie (4): 


Yi = X; + B;(x(), 1), 
wa 


Tv 


yi () = x:(2) + \ Br (x(s), 8) ds. (5) 


B paOote (4) paccMaTpHBalIvcb HeJMHeHHbIe mpeoOpasoBanua Tuna (5) qA 
enydan n=1; o606uluM 9TH pesybTAaTHI aA MpOusBOuIbHOro n. Onlyckaa 
MNOApOOHOCTH, KacarOlllMeca HeCyIeCTBeHHbIX OFpaHHueHHii, HavlaraeMbIx Ha 
oyukuuu B; AA Toro, 4TOObl yka3aHHble onepallWH WMeJIM CTpOrMH CMbICI 
(cm. (*)), OTMeTHM, 4TO 3afa4ua CBOAMTCA K OTBICKaHHIO JeTepMuHaHTa Dper- 
_ PObMa JIMHeapHs0BaHHoro mpeoOpasoBanua Boupteppa: 


Ene: 
ys exe + Dy D5 *(x8, Acp) x8Ac 


¥JIM B MaTpHuHOK copme 


OBs 8, AcB)... 231 (x8, Arg) 
Je a > Ox, Ox, ° 
od eas Wee Sedan ly wie area ee ee 
yi x 2 aB on 
n (x®, AtB)...—™(x®, AzB) 
Ox, xy 
ree C x8 
a i 
=(: + 3 (™)| : Jas, (6) 
ies B=1 es 


rye x® =x(AcB), 1<a<N—1; 3yecb N—uuncno orpesKos, Ha KOTOpHIe 
pasqeneH untepBan (0, t); At=7t/N. 
HetepMunant PpenzrombMa mpeoOpa30BaHua (6) uMeeT Buy 


(P11) (Pi, n—1) 
Desa anche ; 
(Py—a, +++ (Py—a, wt) 
DAC 
i + (x, Atk) At... 231 (x#, Ack) Ac 
xy OX, 
Cpe) aa Mpg Me tarde He REE TE TE npu i =k; 
aB a 
Bix) Raby At, cd” (x?) Ack) At 
Oxy 0 n 
OBs (x# Ack) At... 2PL (x#, Atk) At 
Ox Ox, 
(Pix) = a neha: LUMA TES, ch tlio lan ato aa eee (7) 
aB 
OBs (yt Ack) At... 2 (x#, Ack) At 
OX, OXn 
0.1.0 
(Piz) = wg mpH i<k. 
04 80 
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Ucnomp3ya TO OOCTOATeIbCTBO, YTO OMpeemHTeb Dy KBa3HqMaroHasieH 
(oH nomyunsca 6arofapaA n-MepHomy mpeoOpa3o0BaHHIo BowbTeppa) uw mepe-. 
xOa K Mpegemy nupnx N-—> oo, nowyyaem 


D=limDy = exp is y a (2), 7) ar} = exp is (sp (M) art. (8) 


N-0o f=1 


OKkoOHYAaTeIbHO. pellieHHe OCHOBHOM 3afauv 3allMcbIBaeTCA B Buse 
6 LP (x + BAK (e), 
Wie, Oe) | ne yap | 
( ) P ’ a h; (7) 


Cx, Cen t—4 


aB, : else, 
Fo, E> 2) | ach] DXi, X|pao = Xs X|rat =X. (o 


i=1 


Sylecb cipaBa CTOHT N-KpaTHbI MHTerpas, onpelemAIOUlMl n-MepHy!O TpaHCc- 
(opMupoBaHHylo ycuIOBHylo Mepy BuuHepa. 

Mbt novlyunIH MIOTHOCTh BeposTHOcTH cocTosHuA (9), Nomarad, 4TO Ha 
CHCTeMY JeHCTBYeT CTOJbKO Ke OembIX LWIYMOB, KaKOB NOpAOK cucTeMbl. Ciry- 
yal MOJIHOrO OTCYTCTBHA B CHCT€Me HeKOTOPbIX IWyMoB (T. e. mpu Hh; (t) = 0 
mia 1 Ci<k, k <n) aBasetrca mpakTuyecku Oomee HHTEPeCHBIM HM oMmycKaeT 
cule yIoulyo HHTepnperauuto. UacTb ypaBHeHuli cucTeMbI (2) 6e3 LIyMOB MO2KHO 
PaCCMaTPHBaTb KaK YPaBHeHHA BO3MYLWLEHHOTO ABHKeHUA (PU3SHYeCKOH CHCTeMBI; 
OCTaJIbHbI€ Ke yPaBHeCHHA MOXHO PaCCMATPHBATb Kak ypaBHeHHA OOPa3s0BaHHuA 
IyMoB (HampuMep, Wyma c HeKOTOPpolt koppemAWMOHHOK dyHKUMeH NyTeM 
mpomycKkaHua Oejoro Wyma Yepes COOTBETCTBYIOWLy!O JIMHeEMHYIO CHCTeMY), 
KOTOPble B3aHMOJeHCTBY!IOT C (bu3Hy4ecKOH CHCTeMOH. 

CayuaH MOHOrO OTCYTCTBHA HEKOTOPbIX UIyMOB B CHCTeMe MOKeT pac- 
CMaTpMBaTbcA Kak MpefeIbHbIM MpH coorTBercTByioulux pz>O0, 1<l<rR, 

0 


hy (t) = uiqi(t) B chopmyse (9); mpu stom W (x, 0;x, ¢) o6pamaertcs B 6-cbyHK- 
KIO B @YHKUMOHAIbHOM MpocTpaHcTBe X(t) BO/Ib TpaeKTopHli, yOBseTBO- 
PHIOMHX ypaBHeHHaAM x; + B,(x(t), t) =0, 1L<I<R. 

OxonuatebHO BbIpaxkeHve (9) mpHHumMaer BUT 


ve t n ie 
W (x, 0; x, ale | exp} | > oe 


Cxpta Xp eg a ae) 
OB. n 3 
= Fe (),9)| as} a Dx:i,  X\leao =X, X|rot = X, (10) 
i i=k+1 
mp ycuoBuu 
x;+ Bi (x(x), 7) =0, 1<1<k. (11) 


AcumrtoTHueckoe BbIpaxenve Jia (10) npu w—-0, A; = pg; MOmxHO Haii- 


TH, CJlelya MyTH, MpeqwoxwxenHomy Pekumanom (°, °). OkoHuaTembHO nNomyyaem 
TIpH 3TOM 


* 


0 ie ‘, B. ‘ 2 
Wo 0x )=Rexp|—| SARE als ow, 119 
9 @=k+1 Z 
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rae X(t)— 9kcTpeMaym sayauH Bosbya spapvallMonHoro MCUvCuIeHHA: MULyTCA 
TpaeKTOpHu X(t), Ha KOTOPbIX OCYIecTBIAeTCH 


y (x, -+ B; (x (1), 7))? 


t 
min dt 13 
i=k+1 94 (7) Ce 


0 . 
Mp X|z=p = x, X|rat =X HW MpH x, + B, (x(t), t) =0,1<1<k, npn uexo- 
TOPbIX YCJIOBHAX peryApHocTH Ha B;(*). 


Sameuaunue, Buarogapa nosoxuTembHol onpesenennocru «pbyHKuHH 


s (x; + B, (x (2), 7)? 


Jlarpanxa» h, (t) B HalleM CJIyuYae «KJIaCCHYCCKUMU) TPaeKTO- 
Z 


t=1 : 
PHAMH ABJIAIOTCA pellieHua ypaBHenul (11) (cp. c (2)), a He ypaBHeHuaA Jii- 
Jiepa; B 3TOM 3akJOUaeTCA CYIIeCTBeEHHOe OT/IMYMe Halle 3aqauH OT KBaH- 
TOBOMexXaHHyeckoH. MoxkHO MOKa3aTb, UTO peleHHA YpaBHeHHli (2) ABssIOTCA 
TEMH SKCTpeMaJIAMH 3afaun (13), y KoTOpbIx 3HaueHuA x;, R+1<i<n, 
n e 2 
> (x; + B;) 


A, 
f=k+1 


ONpeeJIeHbl H3 YCJIOBHA BKCTPeMaJIbHOCTH. «feliCTBUA» dt, 


Cte tim 


rye x(t) — 9kcTpeMaM 3afaun (13), kak tbyHKUMM OT x;. 

B cayyae, Korfla ucxoquaa cucTema (2) muHeiina, PYHKUMOHANbHBI WH- 
rerpal (9) umm (10) MoxHO BbluvCcIMTb B KOHeyHOM Buge (6). px atom oKa- 
SbIBaeTCA, 4YTO alNMpokcMMalua (12) cTraHOBHTCAH TOUHbIM pelecHHeM 3a]auH. 
OTmMeTuM, 4TO BapvalvOHHbI MpHHUMM, MpeAcraBAIOMMa mpaBuio, AA pe- 
WeHHA JIMHEMHOM 3aa4uH, yka3aH WIA “aCTHOrO cayyuan B (}). 


Tloctynuao 
228 V 1959 


{UHMTHPOBAHHAA JIATEPATYPA 
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(1951). 71. A. Baucc, Jlexkyun no papwaunonHomy ucuncnenn, WI, 1950. & R.P. 
Feynman, Phys. Rev., 84, 108 (1951) (nep. B Ilpo61. coppemen. dbus., Ne 3 (1955)). 
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JTlornaygn Axragemun nayx CCCP 
1959, Tom 128, N: 5 


MATEMATHKA 


J. M. TPOBMAH 


O TFOMEOMOP®H3ME CHCTEM JM®OEPEHUMAJIBHbBIX YPABHEHMM 
(ITpedcmasreno axademuxom H. I. [empoeckum 9 VI 1959) 


B. B. Hemprtikui ctbopmymupoBan cmelyioulylo 3afauy: HalTH yCJIOBHA, 
Ip KOTOPbIX TONMOOrM4eCKad CTPyKTYpa OKPecTHOCTH OCOOOM TOUKH CHCTeMbI 
TudibepeniMabHbIX yPaBHeHHii, OM3KHX K JIMHCHHBIM, ONpeseAacb Obl COOT- 
BeTCTBYIOWWeH MHHeMHOH cucTemoli. Jlna Tpex ypaBHeHHl 9Ta 3afjaya Opiia pe- 
mena P. M. Muuu (1). HeckoubKo 6ovree 06m pesybTaT nonyun 9. M. Balic- 
Oopz (’). ; 

B HacTosllle cTaTbe WaeTcaA pellieHve STOH 3alauu JA Nn ypaBHeHHH. 

BpefemM Takoe ompeyeeHve: Be CHCTeMbI 


xc) = Fp (x), (a) 
y’ = F, (x) (B) 


(x, y, Fi, F2— n-Mepubie BeKTOpbl) HA30BeEM TOMCOMOPQ@MHBUIMH B OO- 
mwactTsaAx GinGe, ecu cyllecTByeT TOMOMOrMYeCKOe OTOOpaxkeHue M OONAacTH 
G1 Ha Ge, pH KOTOpOM pelleHHe cucTemb! (8) MepexoQUT B pellieHHe CHCTeEMBI 
(a) H HaoOopoT. 

SameTuM, 4TO ecIM Ja (a) u (8) HMeeT MECTO CJHHCTBEHHOCTh, TO H3 yCJIO- 
BUA, YTO romMeomopd@u3m © mepeBoLUT TpaeKTOPHUH OAHOH CHCTeMbI B TpaeKTO- 
puu Apyrou, celyer u oOOpaTHoe, 

Ilenb HacTosuleH 3aMeTKH — yCTaHOBUTb TOMeOMOP(~H3M CHCTeM (BOIM3U 
Havala KOOpAHHAT) 

x' = Ax+ f(x) (1) 
y' = Ay, (2) 


rye A — nocTosHHad 2KopAaHoBa MaTpulla MOpAyKa n, npuyeM JA ee COGCTBeH- 
HbIX 3HaYeHHH 0; BHINOIHeHbI ycoBud: Reoi Re o2<...<Reo,; cpeku uncen 
0; UMe1oTCA k c OTPHMATeMbHbIMH JeCHCTBUTeIbHbIMM YacTAMU H nm — & Cc nowO- 
XKUTEIbHBIMA (ORK); x, y, | — n-Mepupie BexTop; f(x) yoBsmeTBOpseT 
B He€KOTOPOH OKpecTHOCTH TOUKH x = 0 ycnoButo Jlumumua c KoHcTaHToH L; 
f(0) = 0. 

Teopema. Ecau 6 kaxoti-nu6o oxpecmxocmu Gi mowku x = 0 KoAcmanma 
JTunwuya eexmopa f(x) docmamouno mana, mo cucmemet (1) u (2) eomeomopdnel 
6 oOnacmax Gi u G2, 20e G2a— NeKOmopaa obaacme, codepacayan mouky y = 0. 

Hametum JoxKasatenperso Teopempl. [Ipogomkum Bextop f(x) Ha Bce mpo- 
CTpaHcTBo (x) c Tol 2%e (mano) KoucTanTod JIunummua uc yenoBHeM, YTO BHE 
HeKoTopoi cepst S(0, R) Aocrarouno Goubuioro paguyca R 9To mposoumKeHHe 
F(x) oOpaukaetca B Hyab. Bmecto cuctempt (1) paccmoTpuM cucTemy 


2’ = Az-+ F (2), (3) 


Tpae€KTOpHH KOTOPOH CoBMayaior c TpaekTopusmu (1) B G,. V3-3a mavocry 
Koncrantpl Jlunumua F(z) caemyer (3), uro y cuctempt (3) cymtectByror pe- 
WICHHA JIMINb Tpex TunoB: 1) O*—kKpupBple, crpemauiveca K O npn t—>-+t 
MK co pH £—»— oo; 2) 0 —xpusple, yxofamme B co npu t>- oo » 
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crpemallueca K QO npw t-»—oo; 3) rumepOommyuecKHe KpHBbIe, HeorpaHu- 
YeHHO yJlaJIaioulMecsx OT Hay¥asia KOOpAMHaT mpH f—»-+0o. Kpome Toro, Bce 
jpelliecHHA, CTpeMALMeCA K co pH t-—>oo uM MpH t-»— oo, pacTyT 6picTpee 
JHEKOTOPBIX 9KCMOHEHT. 

YcraHoBuM romeoMopiu3m ®* cucrem (3) nu (2) B mpocTpaHcTBax (z) u(y) 
pH MOMOULH CopMyQUIBI: 


Yo = %— \ Yi(—+) Fle (zo, dt + \¥o(—2) Flz(@,2)] de. (4) 


Secb 2(2, f) — pemieHue cucTemp (3), mpoxofaujee mpu ¢ = 0 yepes TouKy 
2; Yi(t) — mMaTpulla, y KoTOpoH nepBbie k cromOuoB — pellieHua cucTempl (2) 
C OTPHMWaTeIbHbIMH MOKasaTeIAMH, a MoceqHHe nm —k cToMOWOB HyvJeBble; 
Y2(t) = Y(t) — Yi(t); rae Y(t) — byHmamentambHaA MaTpulla- cucTembr (2) 
u Y (0) — equuHuyunas matpuua. Jlerko npoBeputb, utTo (4) mpeoOpasyer Tpaek- 
TOPHu cucTeMb! (3) H TpaeKTOpuu (2); MeTOJOM nMOCTeMOBAaTeIbHBIX MpHOmH*Ke- 
HUH MOXKHO JOKa3aTb, uTO (4) OCYLIeCTBIAeT B3aHMHO-OJHO3HAUHOe COOTBET- 
CTBHe MexKy MpocTpaHcTBamuy (2) u (Y); HAKOHEL, Yo HEMpepbIBHO 3aBHCHT OT 2p. 
Orcioqla yxKe caeqyeT, YTO Yo= D* (Z0)— reomopdu3m. 

 $icHo, uro M* wuu_yuupyer HeKoTOpbI romeomopdu3m OD, oTobparxKaroumi 
oOacTb Gi Ha HeKOTOPy!O OOacTb Gz mpocrpauctBa (y), coepKalllylo TOUKY 
y = 0. Tak kak B Gi cucTempr (3) u (1) copmayaioT, To D — uckoMbIi Tomeomop- 
‘usm. 

9. M. BalicOopa noka3a, YTO JHHeMHbIe CHCTEMbI C NOCTOAHHbIMH KOaPdpu- 
WMeHTaMu, uMelollue Rk OTPHWaTeIbHbIX H NM — Rk MOMOKMNTeMbHBIX MOKa3aTe- 
-gleH, romMeomMop@ubl pyr Apyry (34ecb n— uncs0 ypaBHeHuh; k = 0,1, ..., n). 

Orcioqa u v3 ChoOpMysIMpOBaHHOH BbILIe TeOpeMbl culekyeT, 4TO y CuCTeM 
Bua (1) B ycnOBHAX TeOpeMbI CYyLLeCTBYeT JIMUIb KOHCYHOe YHCJIO Pa3sJIMYHbIX 
TONOJIOTHYeCKHX THMOB OKPeCTHOCTH OCOOOH TOUKH. 

Ecam mpeqnoioxuTb, uTo BeKTop /(x) uMeeT B Gi HeMpepbIBHbIe YacTHbIe 
MPOH3BOAHbIe MO BCEM APryMeHTAaM, CTPeMALHeCA K HywIO mpH x—>0, TO MOXKHO 
noKasaTb, 4To romeomopd@u3m M (M~ +) nouru Bcioly B Gi (B Gz) HempepHIBHO 
Auddepenuupyem (mourTH BCIOLy B CMbICJIe Mepbl H B CMBICIe Ppa3MepHOCTH). 
Ecam cBepx Toro noTpeOoBaTb, YTOOLI YaCTHEIe MpousBoLHbIe /(x) CTPeMMJIUCb 
K Hys10 mpu x0 JocraTouHO GpICcTpo, TO romeomopdu3m W (M-') Oyzer He- 
peppiBHo Auddepenuupyempim Bcloxy B Gi (B G2). 


Tloctynusto 
2 V1 1959 


UHMTHPOBAHHAA JIMTEPATYPA 
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Jlokaagn Axkagemun nayx CCCP 
1959. Tom 128, Ni 5 


MATEMATHKA 


A. M. 3BEPKHH 


K TEOPHH JIMHEMHbIX JM®®EPEHIMAJIbBHbIX YPABHEHHM 
C 3ANA3QbIBAIOWIUM APFYMEHTOM HW TEPHOAMYECKHMU 
KOIOSUUMEHTAMU 


(ITpedcmaeaexno axademuxom H. I. [lempoecxum 9 VI 1959) 


Kak M3BeCTHO, CHCTeMa JIMHeEHHbIX WuddPepeHUMaJbHbIX YpaBHeHHH Cc M0- 
MOLIbIO HeEOCOGeHHOH JIMHeEMHOH 3aMCHbI NePpCMeCHHbIX MO*KeT ObiTb MpeocOpa- 
30BaHa B CHCTeMYy C NOCTOAHHBIMU KosddPuyMeHTaMH. PaccmMoTpHM aHaJoru4u- 
HYylO 3ajauy JIA CHCTeMbI JIMHeHHbIX DMdPepeHMaJbHbIX YpaBHeHHH Cc NepHu- 
omMueCKUMN KOSdPuUKeHTaMM HW NOCTOAHHBIMH 3ala3jiblBaHHAMK 


X'(t) + Ag) X(@) + Ar@)X =) + + An OX $e) SO 
spre Oy Mena Pare aga) 

Syecb X (¢)—n-MepHbI BekTop vu Ay (t),..-., Am(t)—n-MepHbIe KBaypaTuble 

nepvowuyeckHe MaTpHiibl C OOM NepHosom T. Byjem uckaTb mpeobpa3soBa- 

Hue JIaIryHoBa, MpHBoAlee cucTemy (1) 

PO eee (ey ole (2) 

Tlogcrapiaa (2) B (1), MouyuuM, YTO AA MpuBoAMMocTH cucTeMmEI (1) 
HeOOXOJUMO H JOCTaTOUHO, YTOObI BHINOJIHAJIMCh YCJIOBHA 

L(t) Anyb@=)) = consts tal eae Bae (3) 


rye L(¢t)—matpwua mpeoOpasopanua (2), MpHBo,smero yKOpoueHHy!o cuc- 
temy X‘(t) + A, (t) X(t) =0. Marpuna, npuBogaujan yKopoueHuyto cucTemy, 
OmpefesneTCA HeOHOSHAYHO, HO, HeCMOTpA Ha HaJIMYHe HeKOTOpOTO Mmpous- 
BOJIa B ee BbIOOpe, YCOBUA (3) BBINOJHAIOTCA TOJbKO B UHCKJIOUHTeJIbHBIX 
cmyuaix. DTO OcOOeHHO ACHO Mp PpacCMOTPeHHH CKaNAPHOrO ypaBHeHus 


y' (t) +. a(t) y (t) + a(t) y(t —14) +... + an (t) y (t—t™ ) =0, 


JIA KOTOporo ycuoBHe (3) MpHHHMaeT BUA 


ss: 
au(t)exP | \ ay(@) dé | = const b= Migt) aa sinne se 


i—rt,; 


L 


GaMeHa He3aBHCHMOii TepeMeHHOH HeCKOJIbKO pacliMpseT Kjacc MpHBo- 
AMMbIX CHCTeEM C 3alla3fbIBalolulM apryMentom. Ilyctb cucrema ypaBHenuli 
MOXKeT ObITb 3anvcaHa B BHTe 


X(t) + O(t) bAy (4) X (2) + Ai @)X(¢—T) +... 


.»- + Am (t) X (t— mT)] = 0, (4) 
rye b(t)—nonowutTetbHad epHoaMueckan cbyHkiua nepnoya T u Bce 3a- 
Na3QbIBaHHA KPaTHbl STOMY Nepwosy (MaTpuup A, (t),..., Am (¢) MoryT HMeTb 
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pyrve nepnopl). Caenaem 3ameny HesaBucuMoi mepemeHHoli 


t 
n(t) =\b(@) de; (6) 
pH 3TOM 
t t if 
n(t— kT) = 6) dé — \ b (&) dt = y(t) — kT, [Ts = \o ak). 
0 t—kT 0 


Tlocne coxpaujenua Ha b(t) nomyuum 


SACD) 4. Ag (t (n)) X (EC) + Ar (ED) X (EMT) 
+ Am (t (1) X(t (4 = mT) = 0. 


Ecan Koop®uuHeHTbI NOyYeHHOH CHCTeMbI yOBJIETBOPAIOT ycOBHAM (3), 
o cucTema (4) moxerT ObITb mpeoOpa30BaHa B CHCTeMy C NOCTOAHHbIMH KOapdu- 
ventamu. IIpeoOpazoBaHue (5) MoxKHO pacmpocTpaHuTb Ha cly¥yal HeoTpula- 
ebHOK dyHKunn O(t) (He ucKsIOUaN cayuas, Korma O6(t) = O Ha oTseub- 
BIX oTpe3kax). J] 3HakonepemeHHoH cbyHKuuu Ob (ft) Takoe mpeoOpasoBaHue 
€BO3MOXKHO. 

TakuM 06pa30M, MPOH3BOJIbHOe ypaBHeHHe C 3ana3IbIBaIOWlMM aplryMeHTOM 
oOlleM Curyuae HE MOET ObITh NPHBeCHO K BUY C NOCTOAHHDIMH KoadPpuluer- 
famv. OjHako cyllecTByeT KylaCcc HEMPHBOJMMbIX yPpaBHeHHH, OTbICKaHHe WacT- 
HbIX PellleHHH KOTOPbIX MOET ObITb CBEeHO K HAXOXKTeCHHIO KOpHeli XapakTe- 
PHCTHYECKOrO KBa3HNOJIMHOMa, KaK HM JIA YpaBHeHHH C MOCTOAHHbIMU KO9p- 
puULveHTaMu. 

ByjeM WCKaTb 4acTHOe peleHve CKaJIAPHOTO ypaBHeHHA 


y' (t) = D) an (t) y(t — FT), (6) 
k=0 
re a,(t),-- »Qm(t)— nepvomnyueckue cbyHKuwH nepvosa T, B Buse y(t) = 


= exp | F) dé, rae f(¢) mepwomnueckaa tyHKuuA Nepvoya T, nosmexauad 
0 
t 


onpenenenuio. IloxcTraBus 9TO BbIpaxkeHve B (6)'H CoKpalllaa Ha exp | ® dé, 
0 
NOY 4HM 


m iP 
FO=FEN= Daler (n= lpia). (7) 
k=0 é 


| Jima HaxoxwkyeHua  mpownterpupyem (7) no orpesky [0, T] uw nowyanm 
ypaBHeHHve, KOTOPOMY JOJLKHAa YJOBJIETBOPATH kh: 


m T 
~ 2 ae 
—, aze FTA = 0 (ax= ql ant) dt k= 0, l,...,m). (8) 
k=0 0 
K axxJoMy ero KOpHIO hy KpaTHOCTU /M; COOTBETCTBYIOT Mm; YUACTHbIX pelleHnit 


3 t 
a! t £ is ‘ae secs: ‘ 
w(t) = Sex| (Fe me, rolainebyend Yonex shdimmamal(s 
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Tlepenecenue sToro MeTOwa HaxOKeHHA UaCTHBIX pellieHHH Ha CHCTeM) 
ypaBHeHHH Yc.1OxKHAeCTCA HEKOMMYTATHBHOCTbIO YMHOKeHHA MaTpHu. Byze 
MCKaTb pellieHHe CHCTeMbI ypaBHeHH 


X' (ty) = >) Ap (t) X (t— RT). (1 
k=0 


roe MaTpuupt A,(t),-...,A4m(t) umewr nepvon T, B Buse X(t) =V (te 
rye V (t) — nepuonmueckui BeKTOp nepvoga T u et —_ cxanapueiii MHOXKUTEJIE 
noqiexamue onpezemenuio. [Joactapsaa B (10), nomyuHM cucTeMy ypaBHe 
HHH vid HaxomwyeHusa V (ft): 


Vos | A (yews —e.|vio 
k=0 

(E —equnudnaa matpuita). O6uree pellienve sTOH cucTembl MMeeT BU V(t) = 
= W(t, d)V (0), rae W(t, }) —yHaamentabHad MaTpHila pellieHHi, yJOE 
jleTBopsioujan ycsopuio W (0, 4) =. J\na cymecTBoBaHua MepwvosxMuecKkor 
pemrenua V(t) HeoOxoqMMO H AOCTAaTOUHO, 4TOOHI d YOBMeETBOPAa YpaBHeHHt 


WC ee nero | (11 


Ec MOXKHO HalTH ABHOe BbIpaKeHve W(t, A), To WIA HaxoxKMeHuA 
-TaK2%Ke MOJYYHTCA ABHOe ypaBHeHue, a V(t) MoxkeT ObITb HaliyeHo Oe3 AC 
-JIOMHMTCJIbHbIX KBagpaTyp. IlycTb, HampuMep, 


t m 
W(t, ) = exP | |» Aa Bn a 
é L e=o : 


lax 9TOTO JOCTATOYHO MONapHOH MepecTaHoBOUHOCcTH MaTpH A, (t),.... Am(t 


J 


Se aN a 


An le)ides cas \ Am (6) d:) ; TOra [IA HaxowJeHHA A NowyyuM ypaBHeHH 
P 


m T 
aA Ay e—*T — Ed | = 0 (A, =F | An(eyat, #=0,1,...,m). (12 
k=0 0 

Bo3HukaeT Bompoc, OyJeT MM MOcTpoeHHad CHCTeMa 4aCTHBIX peleHH 
cbyHJaMeHTasIbHOH, T. €. MOXHO JIM JOO0e pellieHHe ypaBHeHHA mpescTaBUT 
B Bue pala W3 MOMyYeHHbIX YACTHBIX pelleHu. Oxka3piBaeTca, 4TO B OOUIe 
culyuae 9Ta CHCTeMa He (pyHaMeHTaIbHasd, KaK NOKaSbIBaeT CJeLVIOUMA NpuMey 
CkauiapHoe ypaBHeHHe 


y' (t)=a(t)y(t—1), (1é 


re a(t) Meer mepvoq 1, wMeeT uacTHble pemieHHa Buta x;(f) = 
t 
= exp Jeo \a@ae| MpH MPOCTbIX KOPHAX h; H PelieHHA Xj (t) = 


0 
t 


t t 
= exp jens \a@ a| Hw x(t) =\a(@ dé-exp lens \a(@) a| , ecu hy — 1B 
0 0 


0 
1 


KpaTHBI KOpeHb ypaBHeHun h—ae—*=0, a= \ a(&)d& (kopHeH Oonpume 
" 0 . 

KPaTHOCTH 3TO yYpaBHeHHe HMeTb He MoxeT). 
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Ilyctb tenepp a(t)—3HakonepemenHnan cyuKuua. Tora nalinyrca ypa 
t se z 


2 


Wrakux uncyia ft; U te, Ot, <<t,< 1, 4TO \a() dé = 0 u a(t) He paBHa Tox- 
| t; 

WecTBeHHO HyJIO NpuH ty <Q t<?,. CneqopatTembHO, BCe MOCTPOeHHbIe YaCTHbIe 
jpemienua OyAyT yqoBeTBopsTb yculopuio x(t; +k) = x(to+k), rae k— a- 
700e Wesloe uucno. Tomy xe ycJIOBHIO 6yJeT YNOBETBOPATh HM BCAKUH pA, 
COCTABJICHHbIH H3 9STHX pelieHHH. OHako CYLI[eCTBYIOT pellieHuA ypaBHe- 
(Hua (13), He yOBNeTBOpaloulMe sTOMy ycuioBHIo. HanpwMmep, 3aqanuM Ha- 
YaJIbHble yclopua x(t) = a(t), a <t<0; rorya pewtenue Ha orpe3xke [0,1] 


1Oyner uMeTb Buy x(t) = a(0) +) a®(&) dé, T. e€. OyeT MOHOTOHHO BO3pacta- 
| A -s 0 5 4 
j1OWeH dyHKweH, H Tak Kak a(t) He paBHa HyJIO TOXKMecTBeHHO Ha [f,, fo], 
TO x(t;) < x(t,). CreqopatTembHO, pH 3HakonepeMeHHOH dbyHKuHH a(t) cuc- 
iTeMa Hal eHHBIX YaCTHBIX pelleHHi ypaBHeHua (13) He OyyeT yHyameH- 
TaJIbHOH. 
|  floctaTouHbiM ycJIOBHeM Ian (byHaMeHTasbHOCTH paccMaTpHBaeMOH CH- 
|CTEMbI YACTHBIX PelWeHHH ABMAeTCA MPHBOAMMOCTh ypaBHeHHA (HH CHCTeMBI 
ypaBHenui) K Buy c NOcTOAHHBIMU KOSullueHtamn. [Ip stom cucTema OyeT 
yHaMeHTabHOH B TOM Ke cMbIce, KaK WM LWIA ypaBHeHu Cc MOCTOAHHbIMM 
KOSPMHUMEHTAMH, T. €. KAKTOMY PeLIEHHIO ypaBHeHHA COOTBETCTBYeT PA, CO- 
i CTABJICHHBIM U3 YaCTHbIX pellieHul (9), TaKOH, TO NOCMeOBATeMbHOCTb Hae- 
| Kalle BbIOPaHHbIX YACTHYHLIX CYMM Psa paBHOMepHO CXOAUTCH kK JaHHOMY 
| pelieHvio Ha JIOOOM KOHeYHOM oTpesKe (caM PsA MOXKeT pacxosuTsca) (?, 7). 
Jaa mpusoyumoctu ypapHenua (13) focraTouHo 3HaKomocTosHcTBa a(t). 

BropoH BaxkuHbIM BOMpoc, CBA3aHHbIM C XapaKTePpHCTHYeCKHM ypaBHeHHeM 
_(8),— MoxHo 71H No KOpHAM ypaBHeHua (8) cyquTb OO ycTotunBocTu pellieHHi — 
‘peliaetca mnomoxutTembHO. IIpupefem 6e3 oKa3saTenbcTBa Cue yIOWMH 'pe- 
| 3YJIbTAaT. : 
| Teopema. Muxuooeecmeo xapakmepucmuueckux “ucena pewenut ypae- 
nenusA (6) coenadaem co mHODeCMé6OM B3:mMbIxX C OOpamMHeim sHaKom Oelicméu- 
| MenbHelx wacmed KopHelt ypaenenua (8). Boaee mozo, OnA atobo20 pewenun 
y(t) ypaenenus (6) u ato60e0 4ucaa « natidemca KOHeLHaA CYMMA 4ACMHOLX pe- 
'wenuti (9) s(t) = Deiyil(t), yooeremeopsrowuan ycaoeuio | y (t) — s(t) |= o(e**). 

bd 

Oco6o cieqyeT NOAYepKHYTb TOT (akT, 4YTO 3TA TeOpeMa CMpaBeVIMBa HU 
Ayia cay4aaA, Kora cucTemMa 4“acTHBIX pelleHHH (9) He ABAeTCA (byHamMeH- 
TaJIbHOH. ; 

IIpupeyqeHHaa Teopema MepeHOCHTCA Ha CHCTeMbI C TEM OTJIHYHEM, YTO He- 
WSBECTHO ABHOe BbIPaKeHHe ypaBHeHua (11), u3 KoTOporo HaxoOATCA 3Haye- 
HHA  (B YaCTHbIX CJIyYadX HX MOXKHO ONpeseATb u3 ypaBHeHua (12)). 


Mockosckunl rocyapcTBeHHbI YHHBepCHTeT Tloctynuuio 
uM. M. B. JlomMoHocosa 5 VI 1959 


UMTHMPOBAHHAA JIMTEPATYPA 


2A. ®. JlIeouTbes, Matem. cOopu., 24 (66), 347 (1949), 2 E.M. Wright, Proc. 
Roy. Soc. Edinburgh, Sec. A, 62, Ne 4, 387 (1949). 
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Jloxaage Arkagemun nayx CCCP 
1959. Tom 128, M5 


MATEMATHKA 


A. A, KHPHJIJIOB 


VHAYUMPOBAHHDIE NPEACTABJIEHHA HNJIBMOTEHTHbIX 
rPYIitl JI 


(IT pedcmaeaexo axademuxom H. I. Mempoecxum 29 V 1959) 
YuUTapHble MpecTaBeHHA HMVJIbMOTeHTHbIX Py elle MaJIO H3Y4eHbI. 
Tlepspie o6ulHe pesymbTaTE! Nowyyenb! J\uKcmse (?,°). 
B nactrosmel 3aMeTKe MeTO HHAYUMpOBaHHbIX MpekcTaBJIeHHH MpuMeHsA- 
eTCA K OMMCaHHIO BCeX HeMPHBOAMMbIX YHUTAPHbIX MNpeAcTaBJIeHHH HHVJIbIMO- 
TeHTHBIX rpynno Jlu. B uacTHocTH, OKa3bIBaeTCA, UTO BCAKOe TakOe MpelcTaB- 
JieHve peamu3yeTCA B MpocTpancTBe Bcex (PyHKUWMH Cc CyYMMHMpyeMbIM KBajpa- 
TOM Ha HeKOTOPOM OJHOpOqHOM MHOrooOpa3HH. Onepatopbl mpelcTaBJieHHa 
JleHCTBYIOT B 3TOM MpocTpaHcTBe KaK C]BHTH C YMHOXKeHHEM Ha (YHKIUHIO 


J gf (M) = «(g, M) f (Mg). 


§ l. Onpengenenne u cBOHCTBAa HHA YUAPOBAHHHIX Apex- 
ctaBaeuuul. Ilycrh G—rpynna Jiu; M — omHoposHoe mpocrpancTBo ¢ 
rpynnot yBuxenut © u craumonapHol nogzrpynnou ©; w—mepa ua M, 
MHBapHaHTHaA OTHOCHTebHO © (ecm © HubNOTeHTHa, TaKaxH Mepa Bcerga 
cyulecTByer). 

OG6o3HauuM Yepe3s $ MpocTpaHcTBO BeKTOp-cbyHKWMH Ha M co 3HaveHuaMU 
B H€KOTOPOM THJIbOepToBoM mpoctpanctse H. B $ MOXHO BBECTH CKaJIApHoe 
MmpousBeyeHne 10 cbopmyvie: 


(fy fey = \ (2M, fe MD) dp. 
M 


YuutTapHoe mpeycrapienne rpynnet © mer 6yyqem HasbiBaTb HH yu po- 
BaHHDbIM, eCCJIH OHO peaJlM3yeTCAd B MpoctpancTBe § ¥ oNepaTopH mpeq- 
CTaBJICHHA eHCTBy!oT nO dbopmyute 


rye A(g, M)—yuurapupiit onepatop B H. V3 ycnosua J aed ¢ = 0a Ce 
ayer, uro onepaTopHas dyHKuua A(g, M) yaosierBopser (py HKILHOHaJIbHOMY 
y paBHeHHIO 


A(g1, M) A(g2, Mgi) = A (2182, M). (2) 


B 2 
YaCTHOCTH, CCIM £y NPMHAaMNeXKUT CTallMOHapHOH Nomrpynne @,, ocras- 
JidiomleH Ha MecTte TouKy Mp), To oToOpaxeHHe Co aee (oe M,) sBsaeTca 
YHHTapHbIM MpescTaBseHvemM NOArpynnpl 6, B NpoctpauctBe H. Oro mpen- 
CTaBJIEHHe MbI OOO3HAYHM Up, . 
Munyiupopanupie MpeAcTaBJIeHHA JOMycKalor emule OHY mpoctyio peaviu- 


saiuio. Ilycrb $ — mpocrpancTBo BekTop-byHkunit j Ha © co 3Hayennamu BH 
YROBJIETBOPAIOWULAX YCJIOBUIO ’ 


T (08) = Ug, F (g)- (3) 
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Beem B § CKaJINpHoe MponsBeyzeHHe MO opmyuie 


Fi fg = \Gh@), Fole))a de. 
mM 


\(B cuny (3) dyHkuna F(g) = Cr (g), Wie (g))y MOCTOAHHA Ha Kylaccax cMexK- 
{HocTH mo nogrpymne ©,; nostomy F (g) MoxHO paccMaTpuBaTb Kak (yHKWHIO 


jua M = G/@,). 3anaqum B § yuutapHoe npescrapseuue G: 


Saf (@) = F (gas). 
Jlerko mposeputb, 4uTo ¥g= Fey *, rae Y—Us0mopHHoe oro6paxenue 
§ Ha §, onpeyeneHHoe dopmy.ion 


- (f(g) = A(g, Mo) f (Mog). 

Mbt OyeM ToBopuHTb, 4TO MpescTaBeHve Jy (M SKBUBaNeHTHOe emy Fz) 
|MHLYUMPOBaHO MpeAcTaBseHHeM Ug, . 

Ham novaqoOaTca HeEKOTOpble CBOMCTBa HHAYUMPOBaHHbIX mDemcTaBJeHHH, 
MOKasaTeJIbCTBa KOTOPbIX MOKHO HaliTH B paOoTrax Makku (1,*) u Bpwa (3): 

1. Ecau mpeycrapnenue J, HeNpHBOAUMO 4 HHAYUMpOBaHO MpescTaBeHHem 
Ue,, TO Ug, HeMpHBOHMO. 
| 2. Ecan ¥g uufxyuupoBano mpeycrapienvem Us, nogrpynnp ©, a Us, B 
te ouepeyb, HHAYUMpOBaHo Mpeyctasnennem 7 ,,, moyrpynnp! ©, C G, To 
1 Fg wHAyuupowano Uf ,,,. 
| 3. Ilyctb ¢— romomopdusm rpynnst G ua rpynny &’; G — nogzrpynna @’; 
I = 9 1(G))— nomrpyona ©. Ecsm mpeycrapnenve J, rpyons GS’ ywunynu- 


poBaHO lpecTaBJIeHHeM We rpynunt @, To mpegcrasnenue Jz = Fog) rpyu- 
0 
nb! & wuyqyuupopano mpefctaBueHueM UW,e, = Ute nogrpynnp Gp. 

4. Ilycrb ©, — nopManpupii yemutemb G. Ipeycrapnenve Fg rpynny G, 
‘HHIyuupoBpanHoe mpeycraBneHvem YW, nozrpynnpt ©), HenpwBogxymo tora 
‘M TouibKO Torga, Korga Ug, HeMpABOAMMO H Aaa so6oro g@G, mpeqcraBue- 
“HMA Us, WH Ug, = Uge,e- HEIKBUBAJICHTHEI. 

5. Ilycts ©, —HopMambupit Jenutenb ©. Henpusogumeie npeyctraBrenna 
‘Sq u Fz Tpyunst G, wA_yunpopanuple mpeg_craBsnenuamu Uz, u We, Nomrpyn- 
‘mbt ©), 2KBMBaJICHTHBI Tora HM TOMbKO TOra, Kora WIA HekoToporo g&é@G 
Ue, = Une 2KBUBaNeHTHO VWz,. 


6. Hyerp ¥ g — yHutTapuoe mpezctapsenue &; 9— oqHopomHoe MpocTpaHcTBo 
¢ rpynno yswxKenui © u craunonapHow mosrpynnoh ©). Mpeznonoxum, 
4YTO KaxkJoMy OopesieBckKoMy MHoxecTBy E Ha SQ MOXHO MOCTaBUTb B COOT- 
BeTCTBHE IpOeKIMOHHbIM onepatop Sg B MpocrpaHcTBe NpescTaBlennAa Fg 


TaK, UTOObI BbIMNOJIHAIHCh CJlelyioulve TpeOoBaHHA: 


1) PES E, = Siva 
2) > Pe, = Pypys ecuH E; .) Ej; =O mupu i=]; 


8) FgPeFg = Pegs; (4) 

4) Pep--O xora Onl AA OfHoro EL. 

Torga upesctapsienue Fg HHAYWMPOBaHO HeKOTOPHIM MpefCTaBJIeHHeM NMOJ- 
rpyonp &. 

§ 2. IIpencTaBJeHHA HHUJbMOTEHTHHX rpynn c OMHOMEDP- 
HbIM KLeHTPOM. 

Jlemma 1. JZycmp G — Huaonomenmnan anzedpa Jlu; Z— ee yenmp. 
Ecau dim Z=1, mo cywecmeyem pasaonmenue G=G'+X+Y-+Z. IIpo- 
cmpaucmea X, Y, Z odnOmepHoL U OasucHole eeKmopol x, Y, Z MODCHO 6Bbl- 
Opamo mak, 4MOOol BbINOAHAAUCH COOMHOWEeHUA 


(evi 2m Gry] = 0. 


{ 
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Tloka3aTeabcTBo. Tak Kak G HuIbNOTeHTHa, CyllecTByeT uyeam N 
pasMepHoctu 2, cogepxkallni Z. BosbMeM MpOHS3BOJbHO Oa3vcHbIli BeKTOp 
z@Z uw onowHMM ero 70 Oa3suca B N sementom y. Jlia moOoro 97eMeHTa g 
u3 G umeem [g, y] = ay + 8z; m3 HubMOTeHTHOCTH ad g cueqyeT, YTO a = 0. 
OuepvaHo, uTro = 8(g)—<JAMHeHEIH GbyHKUMOHaT Ha G, He paBHbIi TOXK- 
JIeCTBCHHO HyJO (Tak Kak y& Z). Ilyctb x — 9nemeuT, AIA KOTOporo f(x) = 1; 
G,—NofmpoctpaHcTBo, onpeseseHHoe ycuiopuem B (g) =0. Ouesuquo, G=X+G), 
rye X — muHetinaa OOom0uKa x. Tak Kak Gy cofepxkuT y HW 2, TO Gy =G' + 
+Y-+Z, 4 MbI NomyausH TpeOyeMoe pa3vioxKeHne. 

Ilyctb tenepp @G—csBa3Had OHOCBA3HAA HHJIbNOTeHTHAA rpymna c Of- 
HOMepHbIM LWeHTpoM, G—ee avsireOpa. KanonnuecKoe oToOpaxenue avreOpbl 
Ha rpymmy o603HauHM exp. 

JlemmMa 2. Bcesakoe nHenpuecdumoe npedcmaerenue epynne ©, nempu- 
euanbHoe Ha yexmpe ©, undyyupoeaHO NeKkomopeim npeOcmaeneHuem nod- 
epynnet ©, = exp Gy = exp (G’ + Y + Z) (cm. semmy 1). | 

Jloka3ateabcTBo. Mb Bocnodb3yeMcaA CBOHCTBOM 6 HH] YWMPpOBaHHbIX 
mpenctapsenuii. TIpocrpaucrso M@ = G/G, = expG/expG, ecrecTBeHHbIM O6- 
pa30M OTOXKeCTBIAeTCH C BeUleCTBEHHOH MpAMOli, Ha KOTOpoH rpynna G@ 
qelictByeT mo dbopmyvie | 
Mexpg=M +a, (5), 
rye M—rTouka Ha MpAmMoH; a— KosPuUMeHT NpH x B pasOxKeHHN g = g’+ 
+ ax -+ by + cz, cooTBeTcTByIOWleM pa3JiokKeHHIO G=G’+ X +Y+4Z. 

Ilycrb tTenepb ¥g—HenpHBosuMoe Mpectapenue G, HerpuBuabHoe Ha 
mentpe. Torga Fexp( +z) = e*, rye h=- 0. Paccmorpum cemelicTBo onepaTopoB 
F exp (ry. To teopeme Croua F exp (ry) = eo, re A — caMoconmpaxKeHHBI one- 
paTrop B MpocrpaHcrBe mpeyctapenua Fz. Ecnu g=g’+ax+by+cz, To 
M3 COOTHOIMeHuM meMMbI | culeqyeT 


exp g exp (ty) exp (— g) = exp (ty + az), (6) 

H, CNeMOBATEMbHO, T exp ge eI Ti = ef of + are), re G — equHnUHBI onepa- 
Top. Orctoqa, O4eBH HO, HMeeM: 
FexpgAhF exp g = A+ dag. (7) 

Iyctb 9, —cmekTpabHad PyHKUNA WIA oOnepatopa 4, = = A. Onepa- 


Topp! Fp YNOBJETBOPAIOT BCeEM COOTHOMeHHAM (4). B camom Jese, cBOlcTBa 
1), 2), 4) oveBY HI; BbINOIHeHHe 3) Jerko culeqyeT u3 (5) u (7). JlemMa yoka3auHa. 

JIemma 3. Ilycmo ©, ©,—me oe, umo 6 nemme 2. Hasoeem nenpu- 
eodumoe npedcmaenenue ©, Oonycmumolm, ecau OHO MpusuanoHO Ha expY u 
HempueuanoHo Ha expZ. Kastdoe donycmumoe npedcmaenenue ©, undyyu- 
pyem nenpueodumoe npedcmaeaenue 8, nempueuanrbnoe na yenmpe ©. Kao- 
Ooe Henpueodumoe npedcmasaenue, HEempueuanbHoe Na YeNmMpe, UNOYUUpoBAHO 
OOHUM U MOALKO OOHUM (C mouHOCMbIO OO sJKeUeaNeHMHOCMU) OOonYyCcmUMbLM 
npedcmaerenuem Gy. 

JlokasateabcrTso. Ileppoe yrpepx enue JIeMMbI CJleyeT u3 CBolicTBa 4. 
B camoM jes, ecm expg¢®), To g=g’+ax+by+cz, rae a0. Mos- 
TOMY 4H3 (6) CJIEMYET, ATO VUexp gexp (ty) exp (—g) = Uexp (ty): Tak KaK exp (ty) 
npunanekuT weutpy ©, To Us, Hu Ug, = Ugeg HeSKBUBaNeHTHBI. Bropoe 
YTBepxKeHve MOJyuaeTCA aHaJIOPMUHBIMH pacCy2%XJeHHAMM U3 cBOlicTBa 5 u 
JIEMMBI 2. 

§ 3. OnucaHve HENPHBOAUMBIX YHUTAPHHIX NpeAcraBse- 
HHH CBASHBIX HHJIBNOTeCHTHHX rpynn Ju. 

Teopema 1. Iycme ®©—ceasnaa nxuaonomexmuan epynna Ju. BcaKkoe 
Henpusodumoe YHUMapHoe npedcmasaenue GB undyyupoeano COKOMepHblM YHU- 
mapHolm npedcmaerenuem KeKOmopolt nodepynnol. 

Cywecmeyem cucmema nodepynn ©, epynnes ©, o6radawwaa CAEOY OU MU 
ceoticmeamu: 
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1. Jan xascdott nodepynne ©, yKasano’ muoocecmeo U, ee odHomepnolx 
yHumapHolx npedcmaerenutt (mot OyOem HasbIeamb npedcmasBreHun, exodaALUe 
@ Uz, Oonycmumolmu). 

2. Bcaxoe Oonycmumoe npedcmaseaenue nodepynno @, undyyupyem nenpu- 
e0dumoe npedcmaearenue &. : 

3. Bcakoe nenpueodumoe npedcmasaenue © uxdyyupoeano Oonycmumoim 
npedcmaérenuem OOHO us nodepynn Bg. 


4. ITpedcmaeaenua Fx u Fzepynne: 8, undyyupoeannole npedcmaenenuamu 
1UnE€ Us, u UzgE Use, akeusanenmHol moeda u moneKO mozda, Koz0a ©, = GO 
ju Ug axeueanenmno Uz. 
5. Bee nodepynnot ©, codepscam yenmp B. 
6. Iycmo G.—aaee6pa Jlu epynnet G2; cywecmeyem pasaooenue Gy = 
|= Ka+Na, ede N,—wdeaa 6 Gz maxoii, umo dakmop-aneebpa Ga! Na Kom- 
_MymamuéHa; éce Oonycmumole npedcmaerenua umerom Bud 
Ishi. cal heb gs) 

? 


Uexp (etn) = e 
g20€R CKa, NEN 23Ry, ... , Rm — KoopOunamet k; hy, ... , km — 6eusecmeenHole 4UCAQ; 
/Ko2da npedcmaenenue Ug npobeeaem mHoowecméo ecex Oonycmumelx npedcmas- 
Aenutl, eexmop (hy,.-.,m) npobeeaem nodmHoowecmeo 6 R™, 3sadanHoe KoHe4- 
“HOLM 4UCNOM Buda 
QaMi+.. » + dimkm = 9, 
La OAA HeCcOnOceasNolx epynn © cwe u KONeLHoIM 4UCAOM YCaoBUuti Buda 
bi hy +... + Oimkm = Yenomy 4ucay. 

| CxemMa WoKasateabersa. Ilyctb Teopema JoKa3aHa JIA rpymn pa3- 
| MepHoctH <n. Paccmotpum rpynny © pasmepHoctu n. Ecau Henpupogumoe 
Apeyctapyienne J, STO Tpynlbl HeTOUHO, T. €. TPHBHaIbHO Ha HeKOTOPOM 
HOpMaJIbHoM jeuTene @ pasmepHoctu > 1, To emy coorBeTcrsyeT HempuBo- 
Aumoe mperctapvienve rpynnp G/G. Tax xak dim®@/G<n, ro, no npegno- 
NJOXKeHUIO WHAyKUuH, nmpegzctapsenue G/G unyuupoBaHo oOfHOMepHbIM Mmper- 
CTaBJIeHHeM HeKOTOPOM mMogzrpynnp. CsBolicrpo 3 u3 § | nNoKa3bIBaeT, 4TO TO 
Ke BepHO HM WIA Mpegzcrapsenua Jy. Ecum Fg —TOWHOe HENPHBOANMOe MIpe- 
| cTaBleHve OHocBA3HOH rpynnb ©, To, Kak sJlerKO BuseTb, WeHTp © umeer 
-pasmepHoctb 1 u J, HeTpHBHambHO Ha wWeHTpe. V3 memmpr 3, cBolicrs 1, 2 
-§ 1 uw mpeqnonomxenua wH_yKuUMK culenyeT, UTO J ¢ HHAYUMPOBaHO OMHOMepHbIM 
MpeyqcTtapsenuem HeKOTOpoh nogrpynnpl. Haxonen, ecu © HeosHocesa3Ha, TO 
no) — G/D, rye G — ognocsa3Haa HakpbiBaiollan &; D— quckperupiii HOpMasb- 
HBIM JeMTeIb, JexKamui B ueHTpe G. YrrepxyeHne Teopembl Aa rpynny © 
ceseqyer u3 cpouicTBa 3 § 1 u cnpaBeIMBOCTH TeEOpeMbI AIA OMHOCBASHbIX Ppymn. 
Vis reopempr 1 Bbrrekaer 

Teopema 2. Bce nenpueodumole yHumapHole npedcmaereHun cessHot 
HuAoNOMmeHMHO epynne. G moocHO NnoAYyAUMo pasACMKeHUeM KeA3BUPeeyAAPHOLX 
npedcmaerenutl (uUHOYYUpOBAaHHolx eOUHUYHoIM Npedcmasr»eHuem HeKOMOpoti 
nodepynnol). 
- BcamMom jee, v3 yrBep»xkweHus 6 Teopembl | ceayeT, YTO WoNycTHMble 
npercrapsenun GO, oOpazyloT passoxweHve KBasHperyAPHOrO MpecTaBJeHua 
©,, WHAYUMPOBaHHOrO. ELHHHUHBIM MpeycraBwieHvemM nogrpynnb MR, = exp N,. 
Teopema 2 Tenepb culenyeT v3 cBolicTga 2 § |. 

Axsrop Bbipaxaer OarofapHoctb mpod. HW. M. Tespdangzy, pykopoyus- 
lemMy 3TOH padoTon. 

MockoscKuii rocyapcTBeHHbIM yHHBepCHTeT Tloctynuso 

um. M. B. Jlomonocosa 29 V 1959 
UWMTUPOBAHHASA JINTEPATYPA 

1G. W. Mackey, Proc. Nat. Acad. Sci. USA, 35, 537 (1949). * G.W.Mackey, 
Ann. Math., 55, 101 (1952). °% F. Bruhat, Sur les représentations induites des groupes 
de Lie, Paris, 1956. 4J.Dixmier, Bull. Soc. Math. France, 85, 325 (1957.) 
5 J. Dix mier, Ann. Inst. Fourier, 7, 315, (1957). 


889 


Jlornagm Aranemun uayrx CCCP 
1959, Tom 128, Nb 5 


MATEMATHKA | 


E. ©. MHDJEHKO uw axagemux JI. C. MOHTPATHH 


OHA CTATHCTHYECKAA 3AQA4UA OFTAMAJIBHOLO 
YNPABJIEHH A 


1. Touxy z Has0BeM YU paBAAe MOH, eCHM ee ABHXKeHHE B N-Mep- | 
HOM * (ba30BoM mpocTpaHcTBe R OMHCbIBaeTCH CHCTeEMOH OObIKHOBeHHBIX Ju@- 
(epeHUMaIbHbIX YyPaBHeHHH 


z = fe(zt,..., Be. tL), i= lone oe n, (1) 


rye u — ympaBJAIOWMH NapaMeTp, KOTOPbIHM MOXKeT MeHATCA B Mpesemax He- 
KOTOPOH 3aaHHOH OOacTH, HaMpHMMep B pesxemtax PUKCHPOBaHHOrO 3aMKHYTO- 


TO MHoxKecTBa /f-MepHOrO BeKTOpHOrO mpocTpaHcTBa (ut,...,u’). DyHKWHH 
f(z, u) Mbl OyeM CUHTAaTb HeEMPePbIBHO 3aBHCALIHMH OT Mapbl MepeCMeHHBIX 
(z, u) HM HenpepHIBHO Auddpepenuupyempimu mo 2Z?,..., 2%. 


Touky Q Ha30BeM CU yY¥YaHHOH, ecmM pacnpeyemeHHe BepoATHOCTeH 
ee BO3MOXKHBIX NOJIOKeCHHH NOMYHHAeCTCA MepBomy AudepenWualbHOMy ypaB- 
HeHuio A. H. Koamoroposa (1). Bomee nomHo: mycTb p(x, 0, y,t) — naoT- 
HOCTb BeEPOATHOCTH TOUKH Q, HaXOALWeHCA B MOMeHT O B MOJIOKeCHHH X, OBITS 
B MOMCHT T B MOJIOKeHHH Y; TOUKY Q MbI Ha3bIBAeM CJIyYaHHOH, ecJM 
p(x, 0, y, T) Kak (byHKUMA TepeMeHHBIX X HU O yJOBMeTBOPAeT MepBomy Aud- 
(pepeHi\valbHomMy ypaBHeHutlo KosimoropoBa 


2 
AB el cpayieee sib aye ent (2) 
5 Ox’ dx! Ox! 

Mbt mpeqnosaraem, 4uTo: a) Koappuuventsr a’/ (x, s) u 6b? (x, ) ompemeseHbI 
pH BCeX 3HaYeHHAX apryMeHTOB; 6) BCe COOCTBeHHHIe 3HaYeHHA MAaTPHILbI 
| a orpanwueHbl CBepXy H CHH3Y MOJIOXKUTebHBIMA KOHCTaHTaMH; 8B) KoO3(p- 
(puuventel 0b’ (x, 0) np Bo3pacranuuH |x| Bo3spacTaloT He OpicTpee, uem e!*!, 

Ilycrb £, — HeKOTOpaA OKPeCTHOCTh ympaBsAeMOH TOUKH 2, [BH KYyLaAca 
BMecTe c Zz. Ecau 3afaH 3aKOH yipaBJIeHHA TOUKOM Z, T. e. MapameTp u 3alaH 
Kak (yHKWMaA BpeMeHH u = u(t) (uw (¢) MbI OydeM cuuTaTb NpHHalnexkallen 
K KJIaCCy KYCOUHO-HEMpepbIBHbIX PyHKUMH), TO cucTema (1) oAHOsHa¥HO onpe- 
HelaeT HempeppiBHoe ABHXKeHHe TOUKH Z B MpocTpaucTBe R. CresosatTenbuo, 
CCIM 3a/aHbl HAYaJIbHble NOJOKeHHA TOUeK Zu Q, TO OMHO3HAYHO ONpedeAIOT- 
CAH BepOATHOCTM BCTpeyH TOUKH Q c OKpecTHocTbiO 4, Ha OTpeske BpeMeHH 
ty <?¢<t, uu Ha OecKoHedHOM oTpesKe BpemeHH 0 <f¢ < co u 7. nn. OTH 
BCPOATHOCTH ABJIAIOTCA, TAKUM OOPa30M, (PyHKUMOHaIaMM ympaBueHua u (Z). 
EcrecTseHHO BOSHMKaeT 3aaua O TakoM BbIOope ynpaBenua u(t) TOUKOH 2z, 
IPH KOTOPbIX 93TH CYHKWMOHAbI OCTHTaIOT SKCTPeMAJIbHBIX 3HaUeHUH. 

UroObl BKIOUHTh NepeyHCJIeHHble YacTHbIe CyyaH B OHY OOMLy!O nocTa- 
HOBKy 3aJ|auH, BBCJEM B pacCMOTpeHHe HeoTpullaTerbuylo cbynKuuto f(t), onpe- 
HeleHHyto npu 0 < tf < oO w He MpeBOcXOAlly10 eqHHUIbI. O6o3HauuM Jaee 
yepe3 tp, (x, O, T) BEPOATHOCT Toro, ITO cly4yalinaa TouKa Q, Haxojailanca 
B MOMEHT O B IIOJIOXKCHHH X, Ha OTPe3Ke BPeMeHH O \ tf < TBCTPeTHTCA Cc OKpecT- 


* B faibHeHulemM Mbl CYHTaeM n> 2. 
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wocrbio hz yupaBasemol Touku z. CraBuTca ceqyloulad sayjaua: BblOparb 
ynpapaeHue u(f) TOUKOH z TaK, 4TOOH! tbyHKWMOHaI 


\ he) S-(b, (%, 9, 5) de (3) 


0 


AocTHrall SKCTpeMaJIbHOrO 3HayeHHA. DyHKuuA A(t) ompedemmer 3ecb mocta- 


HOBKY OMTHMAaIbHOH s3ayaun. 

Ypapuenuve u(t) u cooTBeTcTBy!Ouly!0 emy TpaeKTopuio z(t) cucrempi (1), 
odecneynpatollMe SKCTpeMyM (byHKUMoHay (3), OyeM Ha3bIBaTh ONT H- 
MaJIbHbIMHM. Pelllenue 3afaun, CleOBaTeNbHO, CBOAMTCA K MPHHILuny MaKcu- 
MyMa (”) (B H€CKOJIbKO H3MeHeHHO!i (OpMy.1MpOBKe), Kak TObKO H3BeCTeH (yHK- 
wuonas (3). a 

Ilycrh &, — map paauyca ¢ c WeHTpoM B ToUKe Z (MIM axKe Npou3BOuIbHaA 
OKPeCTHOCTbh Mayloro «pajlMyca» € TOUKH 2, OrpaHW4yeHHad kyCOUHO-riadKou 
NOBe€PXHOCTbIO, KYCOYHO-rviaqKO MeHAIOUleHca BMecTe Cc 2). 

OcHoBHOH pesyJIbTaT paG6OTbI COCTOUT B TOM, 4TO B 3TOM CuJIy4ae PaBHBIi 


| amen (byHKuHoHasa by (x, 5, t) UMeeT BUT 


o"F,(x, 0, 2) (4) 

MW HaMH BbIUHCJIeH. 
2. K BbruncieHHio BeposTHocTH (x, >¢,t) MOXHO NMOsOTH cweLYyOULuM 
oOpasom. O6o3HayHM 4epes G(X, 5, Y, t) MJIOTHOCTh BeposTHOCTH culy¥yalHon 


TOoUKH Q, Haxo-amelicad B MOMeCHT co B MOJOXKeCHHM X, ObITb B MOMEHT Tt 


B MOJIOXKeHHM Y, HE BCTpeyadcb pH 3TOM NO MYTH Ha MpoTAxKeHHH BPeMeHH 
o¢< tt c ABMKyWuMCcA Wapom Lz. PynKuuA g(x, 95, y,t) KaK yHKUMA 
NepeMeHHBIX X Ho B OONacTH R—Xz(c) yMOBJeTBOpAeT ypaBHeHHto (2) uw rpa- 
HUYHOMY YCJIOBHIO 


GU, o, Y, t) Ix € rp.22 (4) ay 


MW Upw o =7t MMeeT TO Ke HatiadlbHoe ycoBue, 4TO u cbyHKuHA (°) p(x, 9, y,7). 


HerpyHO MOHATb, YTO 


v(x, s,)=1—\---Vg(x, oy, 2) ay (5) 


(rae HHTerpal B3aT Mo o6acTu R—¥,,.)) eCTb pellleHve ypaBHeHua (2), 
YAOBJIeTBOPAIOMee YCIOBHAM 


b (x, s,.t) 0, b(x, 9, t)x€rp. Zz(o) 1. (6) 


o> T 


3. He npuBoxa 3fecb OKOHUATeIbHEIX MOPpMYJI WM He OCTAaHaBJIHBaACh Ha 
oKa3aTeJIbcTBax, OMMWIeM CXeMY BbIYMCJeHHA TviaBHoro wena (4). [Ip stom 
WIA MpOcTOTh! POpMYJHpOBOK MbI OrpaHW4HMcHA JIMMIb TeM CJlydaeM, Kora 
Koappuuvents! a B ypaBHeHuu (2) MoOcTOAHHbI, a OKpecTHOCTb 4, ecTb Wap 
pagquyca © C WeEHTPOM B TOUKe Z. 

Breyem B mpocrpancrspe (z,f) HOBble KOOpAMHaTbI mo (opMysam: 
2=§+2(t), o<¢t<t, Tak uro x =&+2(s), y= y+2(s), H MOOKUM 


9(&, ot) =P (F + 2(9), 5,7). (7) 


MyHKUMA  YAOBeETBOPAeT, OUCBHAHO, YpaBHeHHlo 


Oo t 00 i Lae 09. as 8 
Oc. p a ae‘oe! + 16 (6 4 z(9),9)—2 (9) aee (8) 

HW YCJIOBHAM | 
Ole, t) > 0, p(E, 5, tleen=9, (9) 
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rye Le—ccepa §*-+...-+ &” =e? PaccMoTpHM BcMomoraTejbHylo CHCTeMy 
ypaBHeHHh 


0o fe OO ae 
ot ore (10) 
Or xoopaunar (&,...,€") mepelifeM JIMHeHHBIM MpeoOpas0BaHHeM K KOOpJIH- 
Hatam (&,..., &), B KOTOpbIX ypaBHeHHe (10) sanncbrBaeTca B BHJe 
dv 
a AU == .0, (11) 


WU NYCTh Le — 9/IMNCOKA, ABASIOMMicA O6pa30M cbepbl Ue TIpH NMepexoye OT 
KoopaunatT & K KOOpfuHaTam & O6o3HauHM Yepes U(€) cTallMoHapHoe pelle- 
Hve ypaBHenua (11), paBHoe equHUe Ha SMMMCOKe Le. ITO pellieHve UMeeT 


Buy 
n—2 oa 


+E, &), (12) 


ae 
BPE) 
rye r(£)—paccrosuue oT TouKH — MO Hatasla KOOPAMHAT, % — MOMOKUTEMb- | 
Had KOHCTaHTa, He 3aBlcslllan OT © HM OAHO3HAYHO ONpesemnemad COOCTBeH- — 
HbIMH 3HaveHHAMH MaTpHibl ja, a (E,e) moTeHwMal ABOWHOTO CJIOA, 
umeroululh mpuH |€| > 6 (6— npon3sBObHOe NOJOKUTeMbHOe YHCIIO, He 3aBHCHA- 
ulee OT €) BeJIMYHHY NopsAyKa e?—1, 
O6osHauum yepe3s G(E, o, y, t) dyHkuuio Ppuua ypaBueuua (11): 


acy lyn areal Si aie 
Giles os, a= Om (02 exp| aCe lh (13) 


v(é) = 


IlomoxuM Jasiee 


Go (E, 6, a) srole? | eet is \¢ &, o, 7, ae fil (14) 


(anecb MHTerpadl B8AT NO BCeMy MpocTpancTBy). DyHKUUA gp (E, 9,7) YNOB- 


JIeTBOPAeT, OYCBHAHO, ypaBHeHuto (11). Ilepexoqa oT mepeMeHHBIX & BHOBb 
K KOOpAMHaTaM &, 3 @yYHKWHH 9, (E,>o,t) NOYYHM (CYHKIMIO p(E, 9, Tt), 
YMOBJIETBOpAIOMy!O ypaBHeHuto (10). O6o3Hauum uepe3s DE, o, t) pemenne 
ypapuenua (8) Buna 


o(E, o, t) + 1, 9% 7), 


rae 9, (9,7) Ha cibepe &, uMeeT 3HayeHve | H pH o—>t cTpemuTcA 
K HyJto. HenocpefcTBeHHO BHAHO, TO CyHKUWA , MOXKeT ObITh Halifena 
M3 HeOMHOpOsHOrO AuddepentMasbuoro ypaBHenua. Ja Toro yToObl 3anvcaTb 
$1 B ABHOM BHJe, BBeeM B paccMoTpeHHe cdbyHkuMIo [puna ypaBuenus (8) 
P(E, o, 4, 8). Ora dyHkiua cBasana c yuKuvet Tpuna® I ypasyenua Kou- 
Moropoga (2) MpocTbIM COOTHOIMeHHeM 


Po, 1, s)=T(€+2(s), 44 2(s), 8). (15) 
Torga 


eGo) —=\ds)... UR, 5, 9, 5) 1b! (n+ 2 (5) —2" (s)] 26d, (16) 


Oxaspipaetcx, uTo M(E, o, t) w ecmo enaenolli une MynKyuoHana v,(X, o, t). 

B Tom cyyae, Korqa Koshunvertst a ypapnenuli (2) saBucaT or Eu, 
pellenT NoJlyyeHHA YTwlaBHOrO wieHa dyHKWHOHasa (3) HeECKOJIbKO cwlOmHee, 
HO B OCHOBHBIX YepTaX NOBTOPAeCT V3VJIOXKeHHBIN 3)lecb. 


MaTemaTuyeckHit uHcTuTyT uM. B. A. Ctexnopa Hocrynuno 
AkajJlemuu Hayk CCCP 15 VII 1959 
UAMTHPOBAHHAA JIMTEPATYPA 
1 A.N. Kolmogoroff, Math. Ann., 104, 415 (1931). 2 JI. ¢. Toantipary a 
77 doa Hayk, 14, B. | (85), 3(1959). *%R.Fortet, J. de math. pure et appl., Paris, 
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/loxnayn Akagemun nayr CCCP 
1959. Tom 128, Ne 5 


MATEMATHKA 


Cc. Ml. HOBHKOB 


O KOFOMOJIOPHAX AJIFEBPbI CTHHPOJIA 
( IT pedcmaeaexo axademuxom IT. C. Aaekcandposerm 2VI 1959 ) 


Kak moka3aHo B HeqaBHeH paOote Ayamca (1), Wd pata mpo6em coppe- 
MCHHOH asIreOpauyeckoH TonouOrHH Oobioe 3HavyeHve UMeeT 3afaya UccJe- 


joBaHua adireOppl Koromomornit H* (A) = Le *(A) anre6ppr Cruxpona A, 
COOTBETCTBYIOLNeH HeEKOTOpOMy MpocToMy uucay p. Ha ocnose raty6oKoro 
U3Y4CHHA CTpOeHHA avsreOppr Crunpoga A Amamc noayaua HeKoTopytwo uHdop- 
MallHio O cTpoeHuu aureOppt H*(A) (cm. ('), Teopema 2.4), uTo mo3BomHN0 
eMY, HaMpHMep, Cepbe3HO MpOABHHYTbCA B 3amaye O CYULeECTBOBAHHH oTOOpa- 
XKeHHH C HeYeTHbIM HHBapHaHTtom Xonda. B uactuoctu, Ayame noKa3ad, 4TO 


mph p=2 rpynna H(A) = SH (A) o6saqaeT Oa30H, cOocToAMei H3 
t 


se . 
3sieMeHToB h; € H™? (A), i=0, 1, 2,..., yHoBmeTBOpaIOULAX CieyIOWLUM COOT- 
HOWeCHHAM: 


hgh ata 0, hihi+ as nD hjhi+2 = 0, (1) 


MpH4eM BCe COOTHOLICHHA MexKAy MHOrowleHamu oT A; cremeHu <3 BbITeKalOT 
M3 COOTHOWeHHH (1). 

Oxa3blBaeTca, YTO STOT pesybTaT AfamMca onmycKaeT culeqyrouee 0606- 
UeHve: 


Teopema 1. Kpome coomnowenuii (1) anremenmot h; yooeremsoparom 
MaKoHce COOMHOWeHUAM 


ng; AEM 0, ae, RATS @) 
U, BOBMOHCHO, COOMHOLUCHUAM 
Pee On ee ie Ore teal 2 a he Oe 


Bce coomnowenun mexcdy mHOoeouneHamu om h; cmenenu <5 eolmeKaiom us 
coomnowenuti (1), (2) u (3). [pynna H? (A) nopoocdaemca aaemernmamu h;h;. 
Tpynna H*(A) nopoocdaemca aaemenmamu hjhjhp u HeKomopolmu dAemeHMaMmU 
ayy aE phlei ett 

mm; € H(A), dep CHO OR TP) (A), npusem anemenmot m; u dz, 4 om- 
AULHOL OM HYAA (INEMEHMbL hz, eg Npu kR+==4 moeym Oolmb paéHol HyAto). 
Dremenmol 

mh; .20e j-i—1,i,i+2,i+3; 

hz ahj, 20e ji, i+2,i+3,i+ 4, (4) 
epynnot H*(A) aunetiHo Hesaeucumbl, U nNOpodwOeHHAA UmU nodepynna epynnol 


H*(A) auwo no nyato nepecexaemca c nodepynnot, nopoocdaemoti odHOune- 
Hamu hjhjhphy. [pynna H*(A) codepocum omauunole om HYAA 9AeMeENMOL 


B; € Heer? (ay, i=1,2,..., ne npunadseocayue nodepynne, nopoordcnHott 


anemenmamu (4) u odxo4neHamu hjhjhyh;. Cpynnes H(A) u H??*®(A) om- 
AUMHEL OM HYAR. 
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TlokasaTebcTBO 3TOH TeOpeMbl, TaK Ke KaK HM AOKA3aTeJIbCTBO TEOPeCMBI 
Anamca, omvpaeTca Ha UCCJIeqOBaHHe HeKOTOPBIX CII€KTPaJIbHbIX MOCJIeOBa- 
TembHocteh Ceppa— Xoxumsbga. Kak H3BeCTHO, MPH HCCJIeMOBaHHH «TOMO- 
JIOTHYCCKUX» CNEKTPaJIbHbIX MOCJIeLOBaTeIbHOCTeH BeCbMa MOJIe3HO MPpHMeHATb 
KOFOMOJIorHuecKHe Onepalluu, MepecTaHOBOUHble Cc TpaHcrpeccveli (KBaypaTbl 
MW TIpHBewenuble crenenu Crunpoga). Oka3bipaeTcs, 4TO B asIreOpe koromosorui 
areOpbl Cruupowa mo Mogysio 2 TakxKe MOXHO OMpeseMHTb «KOFOMOJIOrye- 
ckue onepanunu»y Sq’, o6manarouue CPopMaJIbHbIMA CBOHCTBAaMH, aHaJIOrMuHbIMH 
CBOlicTBaM KBajlpaToB CTunposa. ITH ONepallHH MOXKHO OMpesesUTb He TOJIbKO 
quia asre6pbi Crunpoga, HO HW Aaa moObIx asre6p Xonda, oOlaarollux HeKO- 
TOPbIM 3HOMOpPu3MOM a, BABOe YMeHbIUAaIOWLMM pasMepHocTH. ‘Tako 
SHOMOpu3M Obl, B YacTHOcTH, NoctpoeH Afamcom Jia asreOpp 7A 
M JWI PaCcCMOTPeHHBIX HM BCMOMOraTebHBIX asre6p A’ / A’ (co. (+), TeopeMbI 
5.1—5.12). Ocnosuoe ormuune «amreOpanyeckux» onepawui Sq’ oT «ToNosO- 
THYeCKHX» COCTOMT B TOM, TO «asreOpanyueckand» Onepattan Sq° sBssAeTCA 
He TOXKCCTBEHHBIM OTOOpaxkKeHHeM, a COBMalaeT Cc TOMOMOP(H3MOM @, HHLY- 
ILMpOBaHHbIM OTOOpaxkeHvem a. C WBOMHOK rpakyupoBKoH, uMeroulelicn B asireOpe 
FY’ (A), oro6paxenua Sq’ cBa3aHbI COOTHOWICHHeEM 


Sa? (sr AY ae kk tee cae 
Mecxona H3 MOCTPOeCHHbIX AjylaMcoM 3JIEMECHTOB 


antl) 


oa! 
ed cal v ( 


(Ay AS, F004 ne 
(cm. (7), erp. 210), ompeqenumM no HHAyKUUM 3JIeMeHTHI 


k k 
20), ett. than (aly Am, 
molaraa 
One Ry = Sq” fotk 
Uae lame Pape tne a) 
Oxa3bIBaeTCa, UTO HMeeT MECTO CJIeRyrollad JIeMMa: 
Jiemma. Hukaxoli us aremenmoe g\*). He npunadnedcum udeaay aneeopol 


H (A' / A”), nopoodennomy asnemenmamu gi) "npwl Rw js. 
CcbopMyvIMpoBaHHad Ble TeopeMa 1 6e3 Tpyma BbIBOJHTCA U2 9TOT 
JICMMBI. 
AHaJIOrHuHbIM O6pa30M MO?KHO HccJIeqOBaTb cayyali p > 2. Oxa3prraetca, 
uTO B S9TOM CJIy4ae HMeeT MeCTO CJIeLyrolllad TeopeMa: 
Teopema 2. Ipynna H*(A) o62adaem Gasol, cocmoatweii us anaemenmoe 
ae 
he HE (A) up HYPE PAY, oi ed Ppynna H? (A) nopoodaemca 
oOnoWneHamU hh; U HeKOMOPoLIMU OMAULHELMU OM HYAA dAemeHMaMU 


hy € Hee (p—1) (A) x; & ye! —p—1y-+2p+p") (A) PS 
’ L ? LE ? 
, 5 
w, H22P (ed) (e+2) (A) u; 22 Mp—2) (P-+20) (A) ie: ) 
’ £ ’ ai a 
Uy € H24P-3 (A), Xo € 22? +2p—8 (A). (6) 


Dremenmbl h; u anemenmol (5), (6) yOosremeopsatom coomHowenuam 


hihigs = 0, HE heyy = 0, FR PMA, 5 = 0, 8220 


’ 


—~,k —pk 

hP [ey — ise ashy , EY ca): (7) 
— pki “ ph tl 

hie” As pe is lekki 
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Utility = Witihite, Uphlo =0,  Ohi4,= With, i>, (8) 
U, 603MOICHO, COOMHOWEHUAM 


He al Apesmenny mpSs0: (9) 


Bce coomnowenun mencdy mHoeounenamu om h; cmenenu <3 u mxHoeo- 


aneHamu om h; uh; cmenenu <2 eoimekarom us coomHowenuti (7) u coomno- 
weHUull KocoKOmMmymamueénocmu. Bce AUHELiHbLe COOMHOWEHUA MCCOY 9ACMEHMAMLL 
vjh;, «chy u why, ede j=2i—1,it+1;ki,i+2 u |i—l1|> 3, eermexawm 
us coomHoweHutt (8). Ilodepynna epynnot H*(A), nopooedenHan amumu 9aae- 
MeHMAMU, AUIUb6 NO HYAIO NepeceKaemca C nodepynnoti, noposcOeHHoOti OOHO- 


wAcHamMu om saaemenmos h; uh; Modepynnes  H*?? P+) (A), 
go NOT) (A), Heer 1) Otte) (Ay 1D a oy -OMALLUNOL OM HYAA. 

JloKasatTeJbcTBO STOH TeopeMbl aHaJIOrHYHO OKasaTeJIbcTBy Teopembl |. 
IIpu stom BMecto onepaunii Sq’ ucnompayiorca onepanuu St’, («npuBeyeHupie 
creneHw»). B ormmune or «ronomoruyueckoroy cayyaa onepamun St, paBupl 
HyJO TOJbKO pH i=£0, 1 (mod p—1). 

Ilomb3yacb ycTaHoBJeHHoH AjamMcoM cBxA3bIO Mex LY rpymnaMu KOroMoJO- 
ru asreOppl Crunpoya u cTaluoHapHbIMH TOMOTOMMYeCKUMM rpymnamu cep, 
MOXHO H3 Teopem | u 2 BbIBeECTH CJIeRYIOLHe TeEOPeMbI. 

Teopema 3. J[na awb6oeo r cyiwecmeyiom makue anemenmol a €t,(S%), 
MeTmt+q(S'), 206 g>3, m>0, amo 


(Ee ob eens mee E'B As E'a =e 0 
dna stoboz20 1>0. 
TakHM OOpa30M, CYMIeCTBYIOT CKOJIb YFOJHO «JIMHHbIC) KOMMO3HILHH OTO- 
OpaxkeHul cep, ABJIAIOULMeCA CYIeCTBeEHHbIMH OTOOPaxKeHHAMH. 
Teopema 4, J/pu q<14 npumapnote 2-Komnonenmbl cmayuonapnolx 
-epynn Tnr4q(S") umerom Ccaedyroumutt eud: 


A [2{s|4fsje]7| Bal 9 | 10 | 44 | 12 | 43 | 14 


Zs Ze | 0 | 0 | 22 Za + Ze TROD EIRR, 


Z2 


Z16 


DZ. 


0 | 0 | TAIT, 
IIpu smom @ amux 2-KomnoHenmax mMoO2cHO Bolopambe maKue oOpasyrouue 


A1, 4, Az, Ag, Ay, Ag, Bg, He, Bo, Yo, %1o, %11, %14, Bia, 
4urtm10 


ER) Oi, Og Ar Ee Oyo Oe 40) Hots Ag Sarg, age 4 == Oe; 
EBg 0 ay = X%, E8as 0 tg = Bo, Ex90 a4 = 19, Ea) o Oy = 4043, 
E77 00, = Oya, E%0430%3 = Bra. 
Teopema 4 MHbIMM MeTOJaMu OblIa oKa3aHa Toya (°). 


B 3aksroyeHve BbIpakato OlarogapHoctb M. M. IlocrHuKopy 3a BHHMa- 
Hie, MpOABJIeHHOe K 9TOH padoTe. 


Mockosckui rocyjlapcTBeHHbIM yHHBepCHuTeT Toctynuso 
um. M. B. Jlomonocosa 29 V 1959 


UHMTHPOBAHHASA JIMTEPATYPA 


1 J, F. Adams, Comm. Math. Helv., 32, Ne3(1958). * H. Toda, J. Inst. Poly- 
techn. Osaka City Univ., A 7, Ne 1—2, 103 (1956). 


8°25 


Jloxnxagn Akagemun naykx CCCP 
1959. Tom 128, Ne 5 


MATEMATHKA 


Cc. A. XABHHCOH 
OB AHAJIATHYUECKOM EMKOCTH MJIOCKHX MHODKECTB, 
O HEKOTOPbIX KJIACCAX AHAJIMTHYUECKHX ®YHKUMA 
VW OB IKCTPEMAJIBHOH ®YHKUMM B JIEMME LWBAPLILA 
JIA MPOM3BOJIBHbIX OBJIACTEHM 


(ITpedcmaeneno axademuxom H. H. Bexya 8 V 1959) 


Ilycrs [ —orpanuyenHoe 3aMKHYTOe MHoxecTBO H G—Ta H3 JlOMOJIHH- 
TeJIbHBIX K I’ o6lacTeH pacliMpeHHOH MJIocKOCTH, KOTOpad cosepxKUT SOecKOHeEYHO 
yuasennyro Touky. Ilycrb B G paccmaTpuBaeTcsA HeKOTOpBI Kacc K aHaJn- 
TuuecKuX (byHKuMi. EmMKoctTbio (anaiMTuyecko) MHoxkecTBa I oTHOCHTesbHO 
Kmacca K wu TouKu 2,€G Ha3o0Bem (cp. (', ”)) 


Q(T, K, 2) = sup|f’ (2) |. 
FEK 


B cayuae, Kora 2, = oo, 9TO- O3HauaeT: 
Q(L, K, co) = Q(L, K) = sup lim] zf (z)| = sup 
fe K z0 |e sca 


\F (2) az], 
2 
rye Y © G—koutTyp, oxsatpiBaiounn I’. 
B uacruoctu, ecu B1(G)—xksacc orpaHHueHHbIX MO MoOsysKO eqMHuLeH 
B G dyHKOHH, NOJOxXAM 


Q(P, BY(G), 2) = Q(L, 29),  Q(P, BY(G)) = Q(T) 


u OYeM Ha3bIBaTb MpOCTO aHaJIMTHYeCKOH emKocTbIO I usam emKocrTbio Aube 
af 
(bopea (7). 
OrmpaBsAaACb OT NOHATHA KiaCcoB E,(D) 8 koHedHocBa3HO o6nactu D 
CO CipaAMJAemoH rpanumel (7°), BBeqeM onpemeseHue. Tlycrh {G,} — nocwe- 
JOBATeJIbHOCTbh KOHCYHOCBASHBIX OOJIaCTeH CO CNpAMJIAeMbIMH rpaHuamu Ty, 
vcuepmpiBaioman G. Mbl cKaxkeM, 4TO aHaMTHYecKad B OOlacTH G dyHKuHA 
[(z)€ Ep ({Go}), ecumM cylkecTByeT paBHOMepHo cxogallaaca K f(z) BHytTpu G 
MOCJI€AOBaTeIbHOCTh YHKUH m(Z) co caexyiouMMH  cBOLCTBAaMH: 
1) gm(Z)EEp(Gn,,), MPHYEM Ny»—-oo, KOrNa m-—>oo, wu 2) cymecTByet 


yuncno M(f) < + co Takoe, 4TO \ lem (z)\Pds<M(f). Uepes Ep ({Gp}) 
Des 
o603HauHM Noskuacc W3 Ep ({Gn}), quia KoToporo M (f)<1. 


1 
Jlemma 1. Kaacc E,({Gn}) npu p>1 Komnakmen 6 cebe omnocumenbHe 
CxOOUMOCML BHYMpU 


OcHOBbIBaACb Ha TOMMCCTBAX, BbITeEKAIOWIUX U3 COOTHOMeHHH JIBOWCTBeH: 


ae WIA QKCTPeMaJIbHBIX 3ayay (57), MoxKHO OKa3aTb cule Ly OWlHe TEOPeMBI 
eopeMa 


QP, Ep ((Gn}) = (Q(T (2e)” (p>1, 5+ =1). 
Teopema, 2: Paint 
max =| f (2) | = [Q(L, 2))]'-(2n)—”. 
EES ({Gn}) 
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C MoMoulbio 3THX TeOpeM ycTraHaBJMBaeTCA: 
_ Teopema 3. 1. Kaacc oepanuuennoix @ o6aacmu G dyaKyuti u nod- 
caaccel KAaacco6 Ey ({Gp}), p> 1, cocmonujue us gynkyuti, Ora KOomMopelx 
lim 2f (z) = 0, odno6pemenHo mpueuaaronol uau HempusuanbNel. Kaacc Ey ({Gp}) 


2+ 6 
ceeda Hempueuaren. 

2. Kaacc oepanuvennolx dynkyuti u Kaacc E,({Gp}) odnoepemenHo mpu- 
BUQAAbHbL UAL Hem. 
3. Ecau {Tn} yOosremeopsem ycaoeuro 


lim wa. T,< +0, (*) 


mo npu sodom p>1 Kaacc oepanuutenHolx ynKyult u Kaaccel Ey ({Gn}) 
OOHO6PeMeHHO MPUBUAAbAdL UAL HEM. 

(Mbt roBopuM, 4TO KaKOH-TO KJlacc TPHBHaJIeH, eCJIM OH COCTOHT JIMLIb 
3 PYHKUMH, ABJIAIOWLMXCA TOK ECTBeEHHbIMH KOHCTAHTaMH. ) 
_ Tlyetb wa kontypax I, onpeyesenbl HempepbiBHbIe BecOBbIe (dbyHKILHH 
On(€) > 0. YUepes Ep (Gn, pn) O603HAYHM NoyKsacc Kacca E, (Gp), cocrosuuit 


M3 (PYHKUMH, HOPMMpOBaHHbIX YCJIOBHeM \ 1F (6) |’9 (C)ds <1. 


Ty 
Teopema 4. Ecau Q(f)=0, e6ecoeole dyrkyut  HopmupoeaHol: 
\ on(6)ds = 1, n=1, 2,..., a@ npu nexomopom p, > 1 


QO (Pn, Ep, (Gn, pn)) > > 9 
(a= 1,2, ...; 4 Om n He 3aeucum), mo npu awbom 4,0<a<1, u atwbom p, 
1< p<apo, umeem 

lim Q (In, Ep (Gn, p%)) = 00. 


n> oO 


B wacmuocmu, dynkyuu ecex Kaaccoe Ep (Gn, pt) (n=1,2,...) He moeym 


JblINb O2PAHUYeHbl 6 COBOKYNHOCMU HU 6B KAKO OKPeCMHOCMU MOUKU zZ = co. 
OG6o3sHauMM fia OOnacTH G, uepes Ly(Z, 2) PYHKUHIO, KOTOpad jaeT 


min \ |@(C)|ds cpequ Beex PyHKUHH, peryApHbIX B Gz, KPOME TOUKH Zp, 


Dy 
1 


H WMCIOULMX B Zp pa3ioxeHHe D(z) = Panes rye (z) perysisapHa 


B Gn, p(co)=O0. Csolicrsa 9sToH yHKIWH HW ee CBA3b C 3aqaueHh Oo 

sup |f’ (Z)|, f& Bi(G) cm. B (*) (aud Gomee OOMMX Baad TakHe JBOHCTBeH- 
’ 4 ; 

able CBA3H CM. B (5)). OtmpaBuiaacb or Kslaccop Ey, (Gry ol Ln (C,. Zan ), 


ompeyeuM B OOIacTH G kslacc Hp, avasOrHyHO TOMY, KaK oMpefesauca 


«nace E({Gn}), ucxoma v3 Kulaccop Ep (Gn). 
Teopema 


QM, Hp (Gn) %) =120, 21" (p>1, s+ 7 =1). 


V3 2Toi TeopeMbI BbITeKaeT YTBep2KJCHHA O COBMECTHOM HeTPHBMaJIbHOCTH 
«maccop $f, u Bt, aHaJlorMuHble TEM, YTO COepxKaTCA B Teopeme 3. 

O6o3HauuM yepe3 C(G) ksacc aHawIMTHYecKHX BG QYHKIMH, WIA KOTO- 
IX TPH JMOOHIX 21, 2. U3 G f (21) f(Z2),--1, a yepes Cz, (G) — nogzKaacc 
(G), cocroammi u3 f(z) ¢ f(z.) = 0. Ouesuguo, uro Bt(G) CC(G). 

Teopema 6. 1. Q(T, Cz,(G), 2) = Q(L, 2p). 

2. Kaaccet B*(G),C(G), Cz, (G) (Z to60e) odnospemeHHO § mMpUéstiaAoHOL 
AU Hem. uf 

Teopema 6 HeMejieHHo culefyeT u3 Teopem 8 u 9 paborH IO. E. Aunenn- 
ibiHa (8). 


ae WAH, v, 128, Ne 5 SOT 


' 


3afimemca Tenepb SKcTpeMaJIbHOH (byHKilMe f(z) B 3amaue 0 eMKOCTH: 
sup |f’(oo)|, f€ B1(G) (B memme TIpapua) aaa odiacTa G. [\na KkOHe4HO- 
cBAgHOrO culyyad CBOMCTBa SKCTpeMaJIbHOK CYHKUMH MW CBASH STO oKCT Pe. 
MayibHOll 3ayaun c Apyrumu usyyenbi Aupdopcom (*,°®) Hu Tapadennnom (° 
(a Oonee OOuHe 3aayH PacCCMaTPHBaJIMCb aBTOPOM B (5)). B culydae MpoHsBOVIb- 
HOH OOslacTH G wmMeeT MecTO TeopeMa: 

Teopema 7. 


he al ® (2)|ds = = lim 
aN oc ea ee 5 (z) | ee 


\ | Ln(z)|ds. 


Py 


3dech inf 6epemcn no ecem Kpusblm x, oxeamolearoyum I’, u ecem PyHk- 
yuam D(z) =1+0 (5), peeyasnproim 6 OOnacmax Gy C epanuyei 


Ln(Z) — @ynkyuu, peaausyrouue min das y =Vn. : 

2. Jlaa mozo umobel dynKyus f* (2) 6olaa akcmpemanonott @ aemme LMleapya. 
HeoOxodUmO U OoCMamo4HO, uMobol HaWAOCCe 4UCAO 4,0<Ka< 2x, u nocaedo: 
gamenbnocmb {P, (Z)}, 


®, (2) € Ey (Gn), Pn (z) = 1 + 0(=), \ \ op @lds<C, n= LO <a 


‘ 
co caedyruum ceolicmeom:; [o6osHauum OA npouseoAbHo2o © > 0 4epes E, 
nodOmnoncecmeo T,, 20e 


|®,, (2) | ds 


He ANG Beatrice Ze; 


moeda OoAdKHO ObltNb 


lim §. | @,(2)|ds=0. 
n>oo n 
B xauecmee ®,(z) eceeda moocno 63amb L, (2). 

3. Ecau 0A Kakoli-mo nocaedosamenonocmu {P,, (z)}, 


oXOERCD ®, (2)=1+0(2), | |®,(2)|ds<C, n=1,2,. 


Ty 


Hawaace dyxnkyusn f° (2), cessanHaa Cc Dp (2) ycaosuamu n. 2, mo {D, (z)}— 
MUHUMUBUpPYIOLUaA nocAaedosamenbHocmb 6 paseHcmee us n. 1. 

4. IKkcmpemanonan dynkyun f*(z) 6 raemme Ileapya eceeda eduncmeenne 
cC mounocmo10 Oo mHOHCUMeNA e!*, 

AHaJOrHyuHble CBeeHHA 06 SKCTPeMaJIbHbIX (YHKUHAX NOJYUeHEI HAMH Ws 
KslaccoB Ep, ({Gn}) H Hp ({Gnr}). 

OcHOBbIBaACh Ha €/MHCTBCHHOCTH 9KCTPeMaJIH, MO2%KHO lOKa3aTb J 
SKCTPeMAJIbHBIX GYHKUAH sJemmbl [lpapya avanor Teopempl Kapateogopu « 
CXOJMMOCTH KOH@OpMHBIX OTOOpaxKeHH. 


MocKoBckHit UHKeHEPHO-CTPOHTeAbHbIM ~MHCTHTYT Iocrynuao 
um. B. B. Kyii6nuuesa 24 IV 1959 


UHMTMPOBAHHAA JIMATEPATYPA 


1L. V. Ablfors, Duke Math..J., 1494 (1947); 2L.iVAAn Lions. A. Beurling 
Acta Math., 838, Ne 1—2, 104 (1950). § HW. HW. Wpusaaos, [panuunpie cpolictsa anannrt 
yeckux yuku, 1950. 47.0. Tymapkuu4,C. A. Xapuucon, Yen. mate. Hay! 
13, Ne 1 (79), 201 (1958). © C. A. Xapuucon, Matem. c6opu., 36 (78), Ne 3, 445 (1955) 
®P.R. Garabedian, Trans. Am. Math. Soc., 67, Ne 1, 1 (1949): 7 P. Ra&Giragae 
bedian, Trans. Am. Math. Soc., 69, Ne 3, 392 (1950). ®10.E. Aa enum n, Maren 
c6opH., 46 (88), No 4, 373 (1958). ® L. V. AhIfors, Comm. Math. Helv., 24 (1950). 
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Joxkaage Arkagemun nayx CCCP 
1959. Tom 128, Ni 5 


MATEMATHKA 


M. T. XYAH-BEPEHOB 


O YUMCJIE NPEJEJIBHbIX LLWKJIOB CHCTEMbI 
dy Q(x, y,z2) dz R(x, y, 2) 
OX OPK, Vie) AX PRY, ee) 
NE P(x, y, 2), Q(x, y,2), R(x, y, 2) —MOJIMHOMbI BTOPOM CTENEHU 


(ITpedcmaenexo axademukom H. I." Ilempoeckum 6 VI 1959) 


_ PaccmMoTpum cucTemy ypaBHeHult 


dy Q(x, Y, Zz) ai! (dz R(x, y, Zz) (1) 
di P(t za * Oke TO VN Gas op PAY 


we P, Q, R — nonMHombl Bropok crenenu. Onupascb Ha MeTOJ, Pa3sBUTbIH B 
ya6orax H. I. Merposcxoro u E. M. Jlanguca (',?), MoxkHO 6e3 oco6oro Tpyza 
TepeHeCTH MHOFHe Pe3YJIbTATbI YKa3aHHbIX PaOoT u Ha 9TOT culy4yal. Mobi B oc- 
1OBHOM COXpaHHM ompeferleHuA, BBefseHHbIe B (!,”). Byjem u3y4aTb cucTemy 
ypaBHeHui (1) B KoMMmeKCHOH OOsacTH; (x, y, Z) —- KOMMIeKCHOe MpoeKTHB- 
oe mpoctpauHctTBo; R — cooTBeTcTBylollee eMy 6-MepHoe JeHCTBUTebHOe Npo- 
sTpaHcTBO. O6o3HauHmM uepe3s D npocTpaHkcTBo KOaPPHUKEHTOB MOJIMHOMOB 
2, Q,R. Mexjy Toukamu mpoctpaHcTtBa D — aucucTemamMu ypaBHeHuili (1) cy- 
WeCTBYeT B3aMMHO-OJHO3HauHOe cooTBeTcTBHe. Morya Wa yoOcTrBa G6yyem 
fOBOPHTb «ypaBHeHHe @» BMeCTO TOrO 4TOObI TOBOPHTb «CHCTeMa ypaBHeHHh, 
OOTBETCTBYIOMad TOUKe @», OyeM TOBOPHTb KOKPeCTHOCTb ypaBHeHHA O» BMeC- 
rO “CHCTeMbI ypaBHeHHli, COOTBETCTBYIOUMe TOUKAM, HaXxOJAUWMMCa B Man 
DKPeCTHOCTH TOUKH a». PemmeHHEM Y = (x), 2 = P(x) cucrembl (1) Oyzem 
a3bIBaTb MOJIHbIe AHATMTHYeCKHe (PPYHKUMH (aHasIMTHYeCKOe NpOAOKeHHe IIe- 
eHTa peweHua). Tpaduxk @ pemwienua y = o(x), z = (x) B mpocrpanctBe Rg 
YIM Ha3bIBaTh HHTeCrpasTbHOH KPHBOK. M ecTb 2-mMepHaa No- 
epxHocTb B 6-mepHoM mpoctpaHctBe R,; ocoOple TOUKH cucTeMbI (1) K @M He 
puuncusiotca. Baegem B Ry KOMMaKTHYIO MeTPpHKy. OTa MeTPHKa HHAYUUNpyer 
eTPHKY Ha HHTerpasbHoH KpuBoH M. PaccrosHue B STOH MeTPHKe MexK]y JByMA 
oukKamMH Ha @® GyjJeM Ha3bIBaTh PaccTOAHHeEM NO NOBEPXHO- 
TH. SaMKHYTYIO OJHOMepHy!0 KpHBylo Ha ©@ OyjeM Ha3bIBaTb WLU K JIOM. 
KaxkeM, uTo WuK L romMoTONMe€H HY, eCIH OH ABMAeTCA PpaHu- 
ei uactu K UHTerpaibHoH KpHBoH ©, npuyem K romeomopdua kKpyry 
Bec paccTosHua m0 noBpepxHoctu ®). Ckaxem, uTo WHkabI Li, Le, ..., L, 
(€e TOMOTONHE Me XZ y CoOOO 48, eCH H3 HUX HeIb3A BbIOPaTh Mapy 
wksos L; u Lj, KoTOpble ex%KaT Ha OAHOM u TOM Ke HHTerpasbHOW KPHBOH DO 
|B CyMMe OOpasyloT rpaHully vacru K uvterpaibHoH KpuBol OD, npuyem K 
OMeOMOP(pHa KOJIbILy (B TOM Ke CMBICJIe). 

Scuo, iro JelcTBHTeMbHbIM mpeseibHbIM Unk cHcTembi (1) c ReicTBuTeNb- 
bIMA KOSppullHeHTamu OyeT WHKIOM Ha HeKOTOPOH MHTerpalbHOH KpPHBOK 
) sToli CHCTeMbI, paCCMaTPHBaeMOH B KOMIJIEKCHOH OOacTH. 

Ilyctb C,— npou3B0/IbHad 3aMKHYTaA KpWBaA Ha MJIOCKOCTH X C KOHeY- 
bIM 4HCJIOM CaMomepeceyeHHt; xX 9—TOUKa Ha Cx; Yo,} Z— TOUKH Ha MIO- 
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CKOCTAX y, Z cooTBeTCTBeHHO, a U(Yyo) wu U(%)—HX MaJIble OKpecTHOCTH 
U (a9) — Maslai OKpeCTHOCTb TOUKH %,€D, KOTOpas COOTBETCTBYET CHCTEME 


dy y(y—i1)dz __ —_z(z—1) (2 
ax.  xe—4)ax x (x — 1)° 


Brpeyem, cuienya paOoram (1, 7), mapy dyHkuMH MocseqOBaHHA 


Ac, Y (Yo ap a), Ac,2 We BD a), 


% , = ? 
The YoCU (Yo), 2 EU (Zp), EU (%); Ac, y, Ac,2—aHamuTuueckne YH 
WMH CBOHX apryMeHTOB. 

Ilycrb HMeeTCH MOCJELOBATeIbHOCTh TOYCK %,—> %, MPHYCM Op, Jle%KaT H 
Ipamoi «= a,--+ at; Lo— uk, He mpoxofamtuH yepe3s oOcoOble TOUKH 
Jexkauiwii Ha HeKOTOpOH HHTerpabHOK KpHBOK OD ypaBHeHHA %& 
P (Xo, Yo. 20) —TOUKA Ha Lo; Lox — poekiasA sTOrO MWHKJa Ha MIOCKOCTb 4 
Ly»— WuKJI, JexKaujwii Ha HeKOTOPOH HHTerpasibHOH KpHBOH @, ypaBHeHH 
On; Pn (Xo. Yn: Zn) —TOUKA Ha Ly. Hyctrb Ly, mpoekrupytorca Ha KPMBY! 
Lee Lni— Ly, P= ps Toraa 


* * * 
OAL. Y (Yor 20 ay at) — IAL oy Z (Yor 2g» %o + 47) ( 
hs a OT ; 
TO T=0 
* * * * 
Y= Yo z, =2o Ue =Yo; 2 ==2o 


Ec Ha HHTerpaJIbHbIX KPHBbIX YPaBHeEHHA &, CyUlecTBYcT Napa TaKH 


waKs0Bn L,, L,—>Lo, TO KpoMe paBeHcTB (3) HMeeT MeCTO elle OHO pez 
BeHCTBO 


2 2 
¢ AY Y Dieg y 
dt Oy. Ot Oz. 
die OFA % 7A m =o 
Lox Lox 


STM YTBEPKICHHA ABMAIOTCA aHasoramu siemM 7 u 8 padorHI (1) H MOKé 
3bIBalOTCA aHaJIOrHyHO. 

Ilycrb. quid HeKOTOporo ypaBHeHHa «% cymecTByIoT ¢ WHKIOB L,, Ly,..., L, 
JeKallAX Ha MHTerpaJIbHbIX KPHBbIX 3TOFO YpaBHeHuA. ToBopaT, 4TO 2aT 
WHKJIbI OOJIaqaioT cBOlicTBOM Pm, ecmv: 1) Ly, Le,...,L, He TOMOTONHS 
HYyJO HM He TOMOTONHbIe Mex Ly coOol WHKsIbI; 2) npoekuua L;, i = 1,2,... 1 
Ha IJIOCKOCTb xX MMeeT He OOvIee m camonepeceyenuit. Uncio WHI 
JOB, OOsaaioulMx cBolicrBoM P,,, JIA CHCTeM ypaBHeHUli H3 HeKOTOpPO! Mé 


JIOM OKP€CTHOCTH ypaBHeHHA % MOKET ObITb BBIYHCNeHO CuJleyIOUluM OOp: 
30M. 


O6tee peuieHHe cuctembr (2) uMeer BHA 


cy, (x — 1) C2 (x — 1) 
= Sed (o lieden ed ( 
x— Cy X— Co 
RIVCTE Cee, “oe eee. (m), 3aMKHYTHIC, He FOMOJIOFHUHBIe Mex 


coOol H vMerollve He Ooee uemM m camonepeceueHnit KPHBbIe Ha IIJIOCKOC1 
* C 4e€TBIPbMA BBIKOJOTEIMH TOUKaMH: x = 0, x = 1, x =C,, x =Co; N (m)- 
MX uncO. Kak caefqyer u3 paBeHcTs (3), UHCJIO WHKJOB C YKa3aHHBIN 
BbILUe CBOHCTBaMH He 6ouIbIUe, YeM UHCIO pelueHHH CHCTeM 


OAc, 9 dAc,. z 
Ot = 0, \ On % = 0, k=1,2,...,N(m), 
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mpu ycuoBun, yro J ormmuen or nya. Beipaxkenua, crosmue B JeBbIX Ua- 
ICTAX NOCJICNHAX PaBeHCTB, BbIYMCJIAIOTCA JOBOJIbHO rpocro. 
Ilepenumem cucremy (1) caenyrouyumM o6pa3om: 


dy Q(x, y, Z) _ de RG 2) 
dx Pw, y, 2) HIG, B= Bey ay HS (KU ze), 


irqe % — coorpercTBylollad eH TOYKA U3 MpocrpaHcTBa kosdpuunentos D. 
TlomoxUM &% = %& + at. Umeem 


dz 


Fe Es Ys, 2% + ar), Fa g(x,y, 2,09 + ar). (5) 


IIpoqudepenupoBaB o6e uacTu m0 t, Momyyaem 


dy\ _ Of ay , Of dz | Of 


=) ~ Oydz ” O2dt ' Or’ 


z 


(6) 


<(%)= .. Og OY... OF Ge , OR 
Te ee Royo az de. de 


ee BCIOAY momo*KeHO t= 0. IlockombKy npu t=O cucTrema (5) coBnaya- 
eT C CHcTeMOM (2), TO peLIeHHA CHCTeMBI OJHOPOAHbIX ypaBHeHHit 


Ze a (Sh), _¢ a (F)_ =a 


ay Ok /Og : 
dx OE oe S 3 ne if 


2 


™T=0 
|HaxoZatTca AudpepeHuMpoBanHeM m0 NapaMeTpaM Cy, H Cy dyHkuni (4). A 


| HMCHHO: 
Ge = (x —14)x 
{i= Goa te =O [=O m= Gaaey- 


(X =:03)? 


Pemienue cuctembl (6) HaxOJHM MO H3BeCTHBIM (opMyiaM 


Cre ede: 


0 


B3aB B KayecTBe MYTH HHTerpHpoBaHHA KpuBble Cy, HW CelaB NOI 
oO6xo, NO HHM, M3 MOceqHeH CHCTe€MbI HaXOJUM 


OAc, y Xo (Xo = 1) (x ae C,)? } 
ot t=0 ¥ oe =e Ns baie), (G3 ee ax. 
OAc, . Cn oe Coat 
os t=0 a ee Cae Te (g- )e=0 OK; 
forme nie, fay eV (771): 
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SameTuB, 4TO 


oP 
’ oe (xt) + yy —D) ; 
(fs ono. = apt ent es 
a oP 
(ee tet je e—Y) 
Brie x2 (x — 1)? =—=0 


u3 MIOCJIeMHel CHCTeMbI HaXOJMM, YTO CHCTeMa ypaBHeHHH (3) SKBUBaJIeHTHAa 
cucTeme 


(x—oy)? | Q, ~(e— 1) + Poy y—D) 
Cry. ¥ (% — 1) x? (g—1)? 


(7) 
eae dei a ee Ee 
™=0 


Cex *(%a—1) x? (x — 1)? 
fe a aN 


Tlockoubky mo MHTerpamaMu HaXxOMATCA pallMOHaJIbHbIe (yHKWHH OT X, 
TO, HHTerpupys, erKo mouly4uaem cucTemy aslreOpanuyecKHX ypaBHeHHH OTHO- 
CHTCJIbHO TapaMeTPOB C; H Cy CTeMeHH He Oombiue 4. Orcioqa HenocpeACTBeCHHEIM — 
MOJCYeETOM HaXxOJMM, YTO YHCIO WHKJIOB, OONaLaouluX CBOHCTBOM Pm AJIA BCeX — 
ypaBHeHH 43 HEKOTOPOH MaJIOH OKPeCTHOCTH TOYKH Go (3a HCKIOUCHHEM MHOTO-~ — 
oOpa3uA MeHbIUel pa3sMepHocTH), He Oowblle, eM 


N (m)-16 — (m+ 1)33. 


B yacTHocTH, WIA m = 0 HaxoyuM, 4TO HX He Ooubiue yem 101. 

Jlerko Wloka3biBaeTca Ceqyrolas: 

Teopema. Cywecmeyem makaa maaan oKpecmHocmb mMo4KU do, 4iNO 4uC- 
AO YUKAOB, OONADAIOLYUX YKAZQHHOIMU Bole CéeOlicmeamu, NOCMOAHHO OAA bCex 
YPAsHeHUl @ UZ amo mano OKPecmHocmU (3A UCKAIOYEHUCM MHO2OOOPA3UA MeHb- 
wet pasmepxHocmu) u paeHo 4ucay peiwenutt cucmem (7). ; 


MockosckHi rocyyapcTBeHHHIi =yHHBepcHuTer Tlocrynuso 
uM. M. B. Jlomonocosa 4 VI 1959 


UMTHMPOBAHHASA JIMTEPATYPA 


1H. ©. Wetposcxui, E. M. Jiauguc, Mate. cOopH., 37(79), 2 (1955). 2 E. M. 
Jlaugzuc,H.T. letposexka i, Matem. cOopx., 43(85), 2 (1957). 
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Joxrazagn Akagemun nayx CCCP 
1959. Tom 128, Ne 5 


MATEMATHKA 


H. H. AHEHKO, B. A. CYUKOB u WO. A. MOPOWHH 
0 PASHOCTHOM PEWIEHHH YPABHEHHS TEMJIONPOBOAHOCTH 
B KPHBOJIMHEMHbIX KOOPIMHATAX 
(ITpedcmaenexno axademuxom H. H. Bozoato6oeum 6 VI 1959) 


nm. 1. PaccmorpuM ypaBHeHue napaOommueckoro Tuma: 


2 2 

du ga ll 

Ot = Pa Ox; OX; => Lu; (1) 
j= 


Q;; — NOCTOAHHBIC, MPHYeM Ay, dog — Ayo > 0. 
Jina ypapuenua (1) B o6mactH D(O<x;<1) c koxntypom I merogom 


KOHCUHbIX pa3HocTeH peliaeTCA CMelllaHHaA 3ayjaua Kou 


U(X1, Xo, 0) ae (X41, Xo), xX; ED; 


(2) 
Hip =f (xh ees. SX GF. 
BpoyuM cuJlelyroulve o603HaueHHaA: 
Tay US Ug Ey, Xe)s lg a (%y, Xn te he), 
(3) 


Aj=1;,—£, Aj =F — Peni) 2) 


M3pecTHble 0 CHX NOP HeABHbIe Ppa3HOCTHbIe CXeMbI JIA ypaBHeHHA (1) 
uMeIOT BHI (cM. (?)): 


tA ee 
a = A (au"+H1 + au); (4) 
SHeECb 
A= Ay a 2Ayo a Ago, 
AyA_ nt (Ay + A_1) (Az + A_2) Hi A2A-» 
Ay = ay e 2 Ajo = Aye abi ect ke Ao = oe fe : 


tie, Ope Ow Oa ty. 


B wactosmeli pa6oTte paccMaTpuBaeTca cuJleqylolulad pa3HOcTHad cxema 
pelmenuHa 3afauu (2) Qa ypaBuenua (1): 


n-+*/> n 
u —u n++/. 
a are ees Ayu a aie dle 


(5) 


n+1_ ,nt*/, 1 
i 7 <—— = Aju"™* + Ao u™tt . 
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Tloxaxkem, uro cxema (5) annpokcumupyet ypaBHenne (1). Tlepenuurem | 
cuctemy (5) B Buse: 


n+*/s 


Ayu = Azatt™ — 0, 
(6) 
n+"/2 
Aggl™1 == Aju = 0, 
rye 
Ape E (= Waa, Weak. (7) 
Ucksouaa u3 (6) u™'?, nomyuuM 

Arlee urri a Ae ee —— 0. (8) 


Jlerko BuyeTb, uTO cxema (8), 9KBHBaJICHTHaA CxeMa (5), almpoKCHMH- 
pyer ypaBHeune (1) 

Jlokaxkem CIEKTPasIbHY 10 ycToHuHBOcTb cxembi (5). PaccmorpHM moseje- 
HHe He€KOTOpOH rapMOHHKH 


gn —_ o” e (14X4+ 2X2) 


mpH mepexofe c n-ro ua (n+ 1)-H war. BBoga o6o3HayeHHA 


“~ ok jh, 
Ly = 4 7h i “sin 3, 
MOXKEM 3alHCaTb 
IIPHYeM B Qy. BHECCH MHOKHTEJIb 
why Wehg 
cos === 5) COS om 
Tlomp3yacb (9), 43 (5) nowyyHM 
(1 — let)? 
ee ee oe ee ee 1 
: (1 + dyit) (1 + leet) (1G 


Orciona |o| <1, TakoKan anes, on Os 

Takum O6pasom, cxema (5) cmekTpasbHO ycToHunpa. Ha ocHoBaHHH 
OOWHMX TeOpeM O CXOJMMOCTH TIO HopMe (7, *) MOXHO 3aKJIOUHTb, YTO CXeMa 
ABJIACTCH CXORAMEHCH. 

m. 2. PaccmorpenHat pa3HOCTHad cxeMa MOXKeT ObITb MPHMeHeHa AJA 
cueTa ypaBHeHUA TeNJONPOBOAHOCTH B JlarpaHXKeBbIX KOOPHHaTaX. 

JleHicTBuTeIbHO, eCIH MpeHeOpeub TrHApONMHaMM4eCKHMH WieHaMH, ypaB- 
HeHHe SHeprHH B SHJepoBbIX KOOPAHHaTax MpHMeT BH, 


Ou Pu u 
dale Ox? + oe) 


(11) 
a*= const, u=uU(E,&,¢t), %i= x4 (Er, Eo, ft), tes1, 2. 
1, & — JlarpaHxKeBbl KOOpJMHAaTHI. 
B nepemenupix &, & ypaBHenue (11) sanumerca B Buze 
1.0u_. Ou \ ‘ Ou Ou 
at = 36: Vo) ae Gq ae) ce 
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rye a, 8, y—mpuBezeHuble Kosdpunvents Jlamo: 
bo Ox, 2 OX 2 b Ox, 2 \ OX. 2 b Webel 0x4 OX Oxe 
alge) +(e) |r Poallon) wlealibe (= alae at cece) 


A — PyHKUHOHAaJIbHBIH ONpeteuTe tb Mpeocbpas0BaHuA 


A = OX OXs Ox, OXe 


b> 0—noctTosnuHaa. 


B mepBOM MpHOJIMxKeHHH MOX%KHO paccMoTpeTb addunHoe mpeodpa3s0Banue 
KOOpJHHaT 


2 
ki = > FTES Ti aren aI OE 


j=1 


Torga «, 8, Y—NocTOAHHbIe, H ypaBHeHHe (12) OyneT Tuma (1), Tak Kak 
a8 — 7? = b?>0. 

HeckowIbKo H3MeHAA aJropHdM cueTa, C NOMOLI[bIO MpesORKeHHOM CXeMbI 
| MOX%KHO pelllaTb WH HesJIHHeHHOe ypaBHeHHe TelJIOMPOBOAHOCTH WIA OOuLerO: 
3aKOHa MpeoOpasoBaHHA MePpeMeHHEIX Xj. 


Tloctynuao 
7 111 1959 


) UHTHPOBAHHAS JIATEPATYPA 


1B. C. Pa6eub 
Henn, M., 1956. 2? P. 
§, 267 (1956). 


ul, A. ® O®uaAunnos, O6 ycTohHunBocTH pasHOCTHBIX ypaB- 
D. Lax, R.D. Richt meyer, Comm. Pure and Appl. Math., 


Jloxraann Akangemun wayx CCCP 
1959. Tom 128, M5 


TEOPHA YITPYTOCTH 
B. Jl. HHJEHBOM 


TEOPEMbI B3AMMHOCTH HW ®YHKUHN BJIMAHHA 
JIA TEH3OPA MJIOTHOCTH AMCJIOKALMA 
W TEH30PA HECOBMECTHOCTH JIE®OPMALLMM 


(I1pedcmaeneno axademuxom A. B. Ily6nuxoeum 14 V 1959) 


M. B. Maiizenb (1) yKa3a1 0606mleHHe Teopem B3aHMHOcTH Betrm — Makc- 
Bela Ha csly4ai ocTaTouHbIx edopmMauuh. Ilycrb u3 AByX OMHHAKOBbIX 
te I u II (Haxogsmuyxca, BooOule TOBOpA, NO BO3eHCTBHEM Ppa3JIMUHbIX 
Harpy30K) NepBoe OGualaeT OCTATOUHEIMH JedopMaltuamn e;;. Yupyrue Aedop- 
MallWH €;; W HaNpsAxKeHHA oj; B 9THX Telax corlacHo 3aKoHy TykKa CBA3aHbI 


COOTHOILMECHHEM 
II I 


I rel 

Cij Sj = Ci 93; (1) 
(lompasyMeBaeTCa CYMMHPOBaHHe NO MOBTOPAIONIMMcA wHekcaM). IIpHHumaa 
BO BHHMaHHe, YTO MOHaA Nesopmannsa 4/,(u;, ;-+u;, ;), OTBeYaIOllad BeKTO- 
py CMelIeHHA W;, BO BTOPOM Tele COBMagaeT c ynpyrolu, a B MepBoM Tese 
cnaraeTca u3 yoapyroH u ocTaTouHoi, mouyyaem 


I II II I 
(ui, 7 €43) i = Uj, 7 Fi. (2) 


Orciofa mp HHTerpHpoBaHHu M0 OObeMy Tesla C yYeTOM YpaBHeHHH paBHO- 
BeCHA HalpAKeHHH culexyer OOoOmleHHaA TeOopeMa B3aHMHOCTH. 
B uacTHOCTH, eCJIM HampsxKeHHoe coctoaHue II oTBeyaeT elicTBHIO e]H- 
HHYHOK CocpeOTOYeHHON CHJIbI, NpHIOXKeHHOH B TOUKe P B HanpaBseHHH Rk, 
ae 
HM OMHMCbIBaeTCA pacipeseseHHeM HanpsKeHuii oP, P’), a Teno I cBo60qHO 


OT BHEIIHHX Harpy30K, TO IpH MHTerpHpOBaHH ypaBHeHNa (2) AA BeKTOpa 
CMeLICHHA CyleqyerT 


un (P) = (at) (P, P’) er; (P’) dV. (3) 


Takum 00pa30M, HallpsoKeHHA, BbISbIBAeMbIe COCpeOTOYeHHOM CuVIOM, urpaloT 
pOlb PYHKUMH BUMAHHA [WIA OCTATOUHEIX JecbopMauui. 3ameTuM, 4TOB ypaB- 


HeHuM (3) OcTaTOUHBIe epopmawuu e}; MoryT ObITh 3aMeHeHbI OcTaTOUHOL 


es 0 0 0 0 2 
MMCTOPCHeH &j = ej; + Wij, Te Wj; — AHTHCHMMCTPHYHEIM TeH30p OCTaTOUHBIX 
TIOBOPOTOB. 


Teopembl, aHasloruuHpie Teopemam Berra — Makcsesma, MoryT OBITB ccbop- 
MYJIMPOBaHbl JVI TeJl, HalPAXKeCHHOe COCTOAHHE KOTOPbIX BbI3BaHO HEKOTO= 
pbIM pacnpeylesleHHem ucnOKaluit 


B = Rote? (4) 
HJIM HECOBMECTHOCTH Jedopmanit 


7 = Rot (Rot e)* = — Rot (Rot e))* (5) 
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{3Be3f04uKa O3HAUaeT TPaHCNOHMpOBaHHbIt TeH30p). BBesem (byHKiHu Hampa- 
2KeHHH Oj HU dij, YMOBJIETBOPAIONMe ycOBHAM 
s = Roto = Rot (Rot ¢)* (6) 


|M BbIZeJIMM B COOTHOMeHHH (2) NpOHsBOAHbIe, Waioulwe MpH MHTerpHpoBaHuu 
m0 OObeEMY MOBePXHOCTHbIe WJICHbI: 


0 Ho II Santi I 
84; ij = &3j Higt Gijze = Birr (815 915),2 + ig Bij » (7) 


ecb EH —vtensop TpeTbero para, aHTHCHMMeTpH4HbIi m0 BceM napaM HH- 
| Hekcos, npwuyem Hix, =1, ecm i,k, cocraBaatoT ueTHylo mepecraHoBKy 
HugeKcos 1, 2, 3. B cBoro ouepedb ” 


ij Bij = Byer (Bij $1i)se — $19 143 - (8) 
Toycrapiad ToxectBa (7) u (8) B ypaBHeHve (2) H HHTeFpupya nomyyeH- 
HbIe BLIPAKeHHA M0 OObEMy Tea, MOJYYHM HCKOMbIe COOTHOLWICHHA B3aMMHOCTH, 
KOTOPbIe MOFyT ObITb BbIMMCaHbI COOTBETCTBEHHO JIA pasHbIX KOMONHAallu Tuna 
oe, PB wu py *. KpatkocTH payu Mbl OMYyCTHM COOTBeTCTByIOlIMe POpMyJIbI U 
 34MCTHM JIMWIb, YTO MPH MHTeCrPHPpOBaHHU BbIpaKenusA (7) MOBePXHOCTHbIle wWie- 
HbI BbINAaLaloT, CCH AHCIOKaWMH He OKAHYMBAaIOTCA Ha MOBePXHOCTH Tea (Ha 
moBepxXHocTu © = Q), a npM WHTerpHpoBaHHN BbiIpaxkenua (8) NoBepXHOCTHbIe 
WICHbI BbINAaLaoT, CCH AMCMOKaWMN pacnosaraiwTcA BHYTpH Tea (Ha MOBepx- 
HocTtu 6 = 0). 
Ecam Teo I cBo60,HO OT BHELWIHHX Harpy30K, HO COJep2xKuT (BHYTPH) Auc0- 
Kalu, a Teo I] nosBepraetca evicTBHIO CEHHHYHOH CocpeAOTOYeHHOH CHIBI, 
mo aHamorMH c ypaBHeHHem (3) nomy4aem 


| ur (P) = (9) (P, P’) Bis (P’) dV, (9) 
un (P) = — (oi (P,P) nj (PAV, (10) 


tae 9) (P, P’) u b (P, P’) o3HayaioT PyHkunA Hanpaxenni —(P’) u b(P’) 
JIA CNMHMUYHOM COCpeAOTOYeHHOK CHVJIbl, NpHJIOKeHHOH B TOUKe P B HampaB- 
JeHuu k. Uspima cmopamu, (byHKiuu HanpxAxKeHuH AA cocpeqoTOueHHOH 
CHJIbI HPpawoT pOdb (YHKUMH BUMAHHA JIA MCMOKaWHH MW HeCOBMeCTHOCTH 
edopmaunn. 

Jina equHu4HOw WucnoKawMOoHHOK suMHun L, OOMafarouleH BeKTOpom Brop- 
repca 6; =const, o6bemublli nuTerpal (9) mpeBpalljaerca B KOHTYpHbIi 


uk (P) = b; ely ds; (11) 


Ucnomb3yi ypaBHenue (5) A MpeoOpasyA KOHTYpHbIM WHTerpad B HHTer- 
pam mo MoOBepXHocTH, oMmMpatolelica Ha KOHTyp L, nNomyunm 


Tey b; (oi; dSi, (12) 


T. @. k-A KOMMOHeEHTAa CMelleHHa B TOUKe P paBHa paOoTe HallpaAxKeHHH off), 
BbISBaHHbIX CMHHYHOK CHJIOH, MpHslox%wKeHHOM B To¥Ke P B HalpaBJeHuu Rk, 
Ha pa3pbIBaxX MepeMeljeHuA b;, HeEOOXOAMMBIX JIA OOpasoBaHvA AMCMOKaluu 
(reopema uen6u (*)). 

Tlo cux nop Bce dopMyabI OpluiM CnpaBeqIMBE! Jia MOOOK aHusoTponHok 


cpenut. Ec Qa 0ObIX TpeX HEKOMMaHapHbIX HanpaBseHHli LeHcTBUA Cocpe- 


* Ecnu I u II ornecrH xk OHOMY M TOMY xe Tesy, TO H3 COOTHOWIeCHHH B3aMMHOCTH 
culenyioT (paHee yKa3aHuble Kpenepom (*)) BbIpaxkeHHa ylpyrol 9HeprHH Tesla Yepes KOM- 
6uHauHH ce, 98 uN YH, CBUeTeMbCTBYyIOUIMe O TOM, YTO 6, M HM Y UIpalwoT pOb yMpyrux 
MOTeHWHaIOB COOTBETCTBEHHO NO OTHOIICHHIO K €, B H YH. 
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JOTOUeHHON CHsIbI B TaKOM cpese HaliqeHb! PYHKUMU HalpsKeHHH, 3afaya O BbI- 
YMCCHHH MONA CMeHLeHHH JIA MPOMSBObHOTO pacupeseneHuA WMCIOKaUMH WIM © 
HECOBMECTHOCTH JecbopMallu c noMOULbIO dopmy. (9) — (10) Moxer OpiTb cBe- 
jleHa kK mpocromy uHTerpupoBanuio. Mbi orpaHH4HMcA TIpHMepaMy NpHOx%KeCHHA 
-MeTOJla K HeKOTOPbIM 3a],a4aM JIA YIPyro-H30TpONHOH cpespl. d ] 

Vispectuoe pellieHve Aid HampAxKeHHH, BbISBAHHbIX COCPeJOTOYCHHOH CHJIOH 
B HeOrpaHH¥eHHOH cpeke, MOXHO MpeAcTaBHTb B Bue 


(a a ARO ee { ; 4 fa) By aus 4 
S75 aa @ Ox; ik Bx, Oz; 4 4nR 8r(1 — v) OXp Spee R3 ; . (13) 


Bech cua MpHoxwena B Hayane KOOpPAUHAT u JelicTByeT B HampaBseHHH OCH R; | 
R? = x? + y?+ 2; 8; —cumpon Kponexepa; yv— Koadpdpuiuenr Ilyac- 
coHa. STO pellleHHe OMMCHIBaeTCA, B YACTHOCTH, CeylouleH (byHKWMeH Hanps- | 
»KeHHH 


) | 
() s,m. “aln  Biin Egy oo: 4 14) | 
Pij je “ipq 45 Tae, I gn eo uaee ( R)? (14) | 
rye 
ce) dx.» Xp (15) 


ayes S par 
p \ R83 R(R*—x2) 


Tlogcrapasaa Bpipaxenue (14) B dopmysly (11), nomyyaeM U3BeCTHOe pe- 
meHHe Bioprepca Aaa cayyand OMMHOUHOH ANCTOKawMOHHOK net (*) 


bQ b ds b ds 


(Q —TesecHbii yrou, nol KOTOpbiM v3 TOUKH P Bua NeTIA), MPHYEM Kark- 
Wbld WieH pemeHua Broprepca TOUHO COOTBeTCTBYeT OJHOMY H3 TpeX UYJICHOB. 
BbIpakeHua (14). 

Bpi6upand vit omHcaHHA HanpsxKeHHH (13) Apyrve dyHKUMH HalipsxKe- 
HHH, MOXHO NOAVYYMTb Apyrue PYHKUHH BJIMAHHA, SKBUBAJICHTHbIC PeLIeHHIO 
Broprepca. YKaxkeM, B YaCTHOCTH, Ha (PYHKILHIO 


Zz 1 Z 2 
t= $0 Fae | ee a 


3allMCaHHy!0 B WHJIMHApHyueckoH cucTeMe koopgAuHaT r, 9, z, ocb KOTOpOit 
coBlafaeT c HampaBsIeHHeM eHcTBHA cCuHJIbI. PemenHe (17) MoxeT ObITb 
HeMOCpeACTBCHHO HCMOJIb30BaHO JIA BbIMHCJICHHA CMeLICHHM, BbISBAHHbIX jaH- 
HbIM paclipeyesieHHeM HECOBMeCTHOCTH esopmMawHh. C pyro crTropoun, no 
mpaBuly ~ = (Rot)” Mp MovwKeM HaliTH oTClOJa *byHKUMH BAMAHHA JIA Wuc- 
OKallni: 


a fof | ee on! Sette al se 
aS aR! 8x a Por = FeR (1 ~~ 8r Ri)? 
z r 
a — Gen | gy Re (18) 


B orsmunve oT pemlenua Broprepca B TeH30pe *yHKUW BUIMAHUA OKa3bIBalOTCA 
BCerO TPH HeHCue3alOl\He KOMMOHEeHTHI. CMellleHuA BOJb BeKTOpa Broprepca 
OMNPeAEAIOTCA, HalIpHMep, KOMIMOHEHTON oz. 

AHaJOrH4HbIM OOpasoM MOryT ObITb HalieHbl PyHKUMM BAMAHUA AA orpa- 
HMYeHHOK cpedbl. UroOpl ucceqoBaTbh HCKaKeHUA pebeca MOBePXHOCTH, BBI- 
SBaHHbIe AUCOKAUMAMM, NOCTATOUHO HaliTH pellieHHe AIA HOPMabHOL cocpe- 
AOTOYCHHOK CHJIbI, WeHCTByIOUleH Ha MOBepXHocTb Tena. Jia momyorpannueH- 
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HOH CpeJbl, cBOOOHaA MOBEPXHOCTb KOTOPOH CoBMasaeT C MIOCKOCTbIO z = 0, 
MMeeM: 


ten tek [ m4 F)) 
bee = 5-|% +(1— 2) In (1+ 4)). (19) 


@yHKUHH BIHAHHA JIA WMCTOKAaMH OTbICKHBaIOTCA Oo cbopMyle @ = 
= (Rot ¢)*. Uro6bt He yunTbIBaTh NOBePpXHOCTHBIe WICHbI, JHCIOKaWMH, BbI- 
XOAUIMe Ha PpaHully Tea, HyXXHO 34MKHYTb OTPe3KaMH, JIe2%KAaULHMH Ha MOBepx- 
_HoctH. B yacTHocTH, BHHTOBbIe JHCIOKaMH, NepneHukyJIAPHble MOBepXHOCTH 

Tea, He UCKaKaloT pembeda noBepxHocTH. 
BauaHwe kKpaeBOH JHCOKallHy, JexKallel BOIb OCH z 1 OOMaaroler 


Es a 2 © ) 
BekTopom Bioprepca BAOJIb OCH x, OMpeeAeTCA KOMMOHEHTON 2x weer diez 


(3aMbIKalolui OTpe30K — BHHTOBaA JHCJIOKalUA BAONb OCH X —He WaeT HH- 
KaKOrO BKJlafla, TaK KaK B TeH30pe ~ OTCYTCTBYIOT MarOHaJIbHbIe UVJICHbI). 
VMurerpupys 97, BXOJIb JIMHHH JMCIOKalluH, nomyyaem 


w= 224 [E+ —2yn(1+ Z)] ae —B sing (20) 


0 


Tye a3HmMyT § oTcuMTHIBaeTCA OT OCH X B CTOPOHY JIMUIHeM MlocKocTH AHC- 
JOKawHH. Kak UW CJleqOBalO O*KUAaTb, 9ppekT OKa3aJICA MPONOPUHOHAJIbHbIM 
Kosppuuneuty Ilyaccona, nocKobky MWA JuCIOKalMH B HeOrpanuyeHHori 
cpese Ha MOckocTb z= 0 ecTByeT JIHUIb HanpsxKeHHe oz = v(o,y + ay). 

IIpuBeqeHHble MpHMepbl MO3BOJIAIOT HafeaATbCA, YTO MeTOA COOTHOMWEeHHH 
B3aMMHOCTH HW PYHKUMH BJIMAHHA MOXKET OKA3ATbCA MVIOAOTBOPHBIM MPH pellle- 
HHH Pa3JIMUHbIX 3aay TeEOPHH yIPYyrocTu AIA Tes, OOaLaIOulNX TWHCOKalHAMH 
WJIM HECOBMeCTHBIMH edopmMaluamu. Jl1a aHH3OTPOMHbIX Tes OTbICKaHHe PyHK- 
WMH HanpAxXeHHA, HEOOXOAMMbIX JIA MOCTpoeHHA (byHKUHH BJIMAHHA, NO-BUAH- 
MOMy, lesecooOpa3Ho BecTH no Metoxy JIuduimua — Posenupelira (°). 


VuctutyT kKpuctansorpapun Ilocrynus0 
Axkaylemun HaykK CCCP 12 V 1959 


UMTHMPOBAHHAA JIMTEPATYPA 


1M. B. Mat3eab, TemnepatypHaa 3aqaua Teopuu yupyroctu, M3y. AH YCCP, 1951. 
2 E. Kroner, Zs. f. Phys., 1389, 175 (1954); 142, 463 (1955). 3B. T. Pua, Aucnoxka- 
UHH B Kpuctamax, 1957,crp.159. *J.M.Burgers, Proc. Kén.Ned. Acad. Wetenschap., 
42, 293 (1939); F. R. N. Nabarro, Adv. in Phys., 1, 269 (1952). °&° W.M.Jiugwuun, 
JI.H. Poseuusenukr, KOTO, 17, 783 (1947). 
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Joxnxnaynp Akagemun nayr CCCP 
1959. Tom 128, N 5 


PH3SHKA 


b. M. FOXBEPY, fT. A. OTPONJEHKO u B. A. WHTHH 


IPPEKTHUBHOE CEGEHHE JEJIEHUA Th??9 


(IT pedcmaerexo akademuxom H. B. Kypsamosoim 2 VI 1959) 


Hamu uccmeqoBanacb 3aBHCHMOCTb adcekTHBHOTO ceyeHHA Jenenua Th?229 
HeHTPpOHaMH B HHTepBale 9HeEpruH HeHTpoHoB oT 6 Fo 1200 Kas. 

HeliTpoubl nomyyaiucb B peakuuu T (p, n) Ha 9eKTPpocTaTH¥ecKOM reHe- 
patope. Ilyyok nporoHoB HHTeHCHBHOCTbIO ~ 40 pa Naja Ha TPHTHEBy!O 
| MHIWWeHb uameTpoM 12 mM, npescTaBABLIy!0 coOol CoH THTaHa Ha MOIHOeHO- 
| BOH MOJIOKKe, HaCbILCHHbIM TPHTHEM JO ATOMAPHOTO OTHOLICHHA TPHTHA K TH- 
tany 1,8: 1. Ilo noporosBod sHepruu peakunu T (p, n) npou“3sBoqumacb rpalyu- 
poBka 9HeprHH MmpoToHOB. H3mepeHuaA MOTOKOB HeHTPOHOB, BbIXOJAMMX U3 
MMIUeHH, MPOHSBOAMIMCh AJIMHHbIMM OOpHbIMH cyeTUnKamuH Tuna Max-Ku66ena. 
Camu CueTUHKH KasIHOpOBaJIMCb C NOMOLIbIO STAJIOHHOFO HCTOUHHKA HEHTPOHOB. 

Jina u3MepeHHH c HeHTpOHaMH 9SHeEPrHN BbIle 300 K3B UCNOJIb30BaJINCb 
NOTOKH HeHTPOHOB, BbIXOMAMIMe H3 MHIWWCHH B HanpaBJICHHH My4Ka MPOTOHOB. 
SuHeprusa HEHTPOHOB BapbupOBaslacb H3MCHCHHeM SHEPrHH MpOTOHOB, OomOap- 
Tupyloulux MulWeHb. B 9THX H3MePCHHAX UCHOJb3OBaIaCb MHLUICHb TOJILMHON, 
COOTBETCTBOBaBIUeH MoTepe MpoTOHamMu sHepruu ~ 60 xKaB. IIpu usmepeHusx 
C HeHTPpOHaMM MeHbIeH SHEPruM SHEPruA MPOTOHOB NOAMepxKuBaNacb paBHOH 
1200 k93B, a HCNOMb30BaIHCb MOTOKH HeEHTPOHOB, BbIXOAAULMe H3 MHILUeHH NOL 
Pa3HUHbIMH yIraMM OTHOCHTeJIbHO MpoTOHHorO nyyka. B sTHx u3mMepeHHAx 
HCMOJIb30BaaCb TPHTHeBaH MHIIeCHb, B KOTOPOH MOTepA SHEPrHH MpOTOHaMU 
cocTaBiasa ~ 30 K9B. 

@Mou, co3apaeMbiH B OOPHbIX CYeTUHKaX HeHTPOHAMH, PaCCeAHHbIMH B ali- 
lapatype HW CTeHaxX KOMHATbI, H3MePAJICA MyTeCM 9KPaHHPOBaHHA CueTUHKA OT 
upsAMOrO MOTOKa HeHTPOHOB. OKpaH MpescTaBA CoOoH BOAAHOH KOHYC BbI- 
coTtolH 40 cm. O6nuHo BemnuMHa cboHa cocTaBsaAna ~ 3,5% oT mpaAMOro MOTOKa 
HelitpoHoB. Korjla 2e MCNOb30BaIHCb CaOble HEHTPOHHbIe NOTOKH (Mp Uu3- 
MePeHHAX B OOACTH MaJIbIX SHEPrult HEHTPOHOB), BeIHUHHA (bona Opla Cobule, 
oxoaa Jo 60% npw u3MepeHuAX Cc HeliTpoHamMu SHeEprHuH 6 KB. 

Jlenenue sagep Th?®® perucrpupoBaocb B MIOCKO-NapaswesbHOH HOHU3a- 
I{MOHHOH KaMepe, HMMYJIbCbI OT KOTOPOH Nonalasiu Ha BIEKTPpOHHOe perncTpH- 
pytoulee ycrpolicTBo. Luauuypuyecku kopnyc KaMepbI H3FOTOBJAJICA H3 CTA 
TouMHHOK 0,5 mM. C ToplloB OH 3amauBaJICA HUKeIeBOH oubrou ToOsMMHOH 
0,1 mm. Ha BpicOKOBOJIBTHOM 3JICKTPOJe KaMePbl MOMellaJICA COM TOPUA TOUI- 
WHHOH OKO0 0,8 mr/cm? Juametpom 17 mm. H30TonHbIh cocTaB oOpa3ila TOpUA: 
60 pr Th??® yu 1,5 mr Th?®?, HanomHenve kamepbl 65% aproua u 35% Merana, 
Japnenue 2 arm. Kamepa momellasacb Ha NOBOPOTHOH CcKaMbe; IWeHTP CJIOA Je- 
JIALLePOCA BelCCTBAa HAXOMMJICH OT WeHTpa TPHTHeEBOH MMIWeHH Ha PaccTOAHHH 
50 MM. 

PaspeltieHue MO S3HEPruH H3MeHAIOCh OT 2 K9B MPH H3MepeHHAX Ha 6 K9B 
HelitpouHax Jo 20 K3B MpH 9HEprHH HeliTpoHoB 350 K9B H Bblllle. 

Uucno JemeHu Ha paccesAHHbIX HeHTPOHax oMmpeeAIOCb NO OTKJIOHCHHIO 
OTCYUeTOB KaMepb! OT 3aBucuMocTH 1|/r? npH pa3HbIX PaCCTOAHHAX MeXKAy KaMe- 
poli u Mumenbto. B xyqumx cry4yanx 9Ta BeMUNHAa He MpeBbiluana 10% oT nos- 
Horo YHCIa OTCUETOB KaMepbl. 
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PesyuibTaTbl 3KCHepuMeHTa mpescTaBeHbI Ha puc. 1. Kak BuAHO, xo ce- 
YCHHA 3AMETHO OTJIMYAeTCA OT THIMYHOH 3ABHCHMOCTH CeYeHHA WeJIeHHA OT 9HEP- 
THH HelitpOHOB WIA Aep, WesAUHXCA Ha TeMIOBbIX HeHTpoHax. Ha unTepBase 
20—200 kop, T. e. IPH H3MeHeHHH ZHEPruu HeHTpoOHOB B 10 pas, ceyeHHe yMeHb- 
ulaeTca Bcero Ha 20%, 3aTemM Ooulee CHIbHO MaaeT K MHHHMYyMY IIpH 9HeprHu 


6 ccheeball 2 4 & 60100 200 400 600 00 100DKSE 


Pinecl 


HeltpoHoB 600 KB, a 3aTeM caleqyeT nobem Ha ~ 25% B cTOpOHy OoubuINXx 
sHeprni. K coxkaeHuio, Ooubliad mpumecb Th??? He no3BomHIa MpOBecTH H3- 
MepeHHA Jia SHeprHi Bbwe 1200 kB. 

[loctymus1o0 


VMucTHTyT aTOMHOH 3HeEprHH 
AkayemMun HaykK CCCP 9'TV 1959 
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Mornay Akanqemun nayx CCCP 
1959. Tom 128, Ne 5 


TFEO®H3HKA 
P. B. OSMHJIOB 


| OBOBLIEHHE TEOPHH HECTALLMOHAPHbIX UHCTO JPEN ®OBbIX 
| TEGEHHU IKMAHA HA CJY4GAH MPOM3BOJIbBHOrO BETPA 


(ITpedcmaeneno axademukom B. B. I[yaetixurnoim 10 VI 1959) 


Sajjaua O YMCTO [pelictboBoM TeyeHHU, OOYCIOBJICHHOM CTalMOHapHbIM WIN 
BHe3aMHO BO3HHK@IOWIMM, a 3aTeM OCTAIOWHMCA MOCTOAHHbIM BeTPOM, Opiia 
MccleqoBaHa OkmMaHoM (!) u ApyrumMu aBTopamMu. OgHako B JeHCTBHTeJIbHOCTH 
weTep BCera HMeeT MOCTOAHHO MCHAIOULYIOCA KaK MO BeJIMUHHe, TAK HW NO Ha- 
mpaBJieHuto cKopocTb. B HacToslleH paOore paccMaTpHBaeTcA YUMCTO Apelido- 
moe TeYeHHe, OOYCJIOBeCHHOe TAKHM IIPOH3BOJIbHbIM BeTPOM. 

1 PemenHue 6e€3 yueTa cH OOKOBOrFO TPeHHA. 
YpaBHeHue JBHXKeCHHA %KUAKOCTH B YHCTO ApeltpoBom TeyeHUH Ges yyueTa WIeHOB 
¢ OOKOBbIM TPeHHeM HMeeT BHI 


0 me oe: 
= + 2iQw = 5. (1) 


me Q = 2 Q sing; Q — yraopasx ckopocTb BpallieHuA Semiu; ~ — reorpa- 
(buyecKanH UIMpoTa TOUKH HaOsIOJeHHA; ¥ — KHHeEMATHYeCKHH KOSPDHIUMeEHT 
BePTHKAJIbHOrO TYPOyJIeEHTHOFO TpeHHA; W = u -+ LU — KOMIWI€KCHAA CKOPOCTb 
(u & U— KOMIMOHEHTbI CKOPOCTH BAOJIb OCeH X HM Y COOTBETCTBEHHO). 

_ Tlycrb B paccMaTpHBaeMol ToUKe MOBepXHOCTH MOpA jelicTByeT NpoHs- 
BOJIbHO MCHSIOULeeCA BO BPe€MeHH KacaTe/IbHOe HalipsxKeHHeE BeTpa C KOMIO- 
HEHTaMH BIO/b OCeH X M Y COOTBeETCTREHHO 7, (¢) Ht, (¢). BBegqem Komnuiekc- 
Hy!0 (yHKIHio KacaTesbHOrTO HanmpAxKeHHA BeTpa t (t)=t,(t)+ it, (t) 
pa3JlIOxKHM €e€ B HHTepBasie HaOsioqeHuA T B pay Pypbe 


x(t) = dy tem, (2) 
n=0 


Pe Wp, = 2nn/T; (t,— KOMMIcKCHbIM §=KOSppHUWeHT pa3oxKeHHA yHKUHH 


v(t) B pan Dypbe, noAcunTHIBaeMbI mo cdopmyvie 
‘4 
tied + \te (t) + ity (t)]e7ndt. (3) 
0 
Ha cyukumio w(z, t) Hanaraerca np z= 0 rpaHHyHoe ycsoBHe 


ne (4) 


2=0 n=0 


Ow (2, t) 
i Oz 


rye 9 — MJIOTHOCTh 2KK]KOCTH. 
Pemenue ypapHenua (1) (4vIf KOMMOHEHT CKOPOCTH) C rpaHH4HbIM YCJO- 
Buem (4) HM YCJIOBHeM OFpaHH4ueHHOCTH CKOpOCcTH Ha MocTaTOuHOH ruyOuHe 


NowyuaeM B BHC , 
(oe) Vz ae / = 
i os o, $2Q 
Ue!) = el, Sonera bas 


rao pV (0, +20) 


ys 490 = 
< COS Ls / — z+ al (5) 
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PAs 20 | 
sin és t{ — i = a ae + 4 : (6) , 
rae ) 
on = aretg| smd: | (7) 
Th + a | 
Tr : 

= | [ex (#) cos ont + ty (¢) sin oat] at; (8) 
] 
r | 
- = \ [ty (£) COS Wnt — ty () Sin @pt] dt. (9) 


0 

{IpoaHaiu3upyeM MOuly4YeHHble BbIpakenHua (5) — (9). Onu omncpiBalor 
CyMepno3HUHIO CKOPOCTHBIX BOJIH, PacipocTpaHsAIOWMXcA B TyyOb BOfoeMa. 
AmnuamTyfbl 3THX BOJIH S9KCIOHEHWMAIbHO yObIBaloT Cc TIyOMHOH, MpHYeM CoO- | 
CTaBJIAIOUHe C MAJIbIM MepHOOM 3aTyxaloT OpicTpee AwIMHHONepvOosHbIX. IIpn 
OMMHAKOBbIX AMIMVIMTYaX TapMOHMYeCKHX COCTABJIAIOUIMX TAaHTeHHaJIbHOrO- 
HalpsKeHHA BeTPa, HO MPH Pa3HbIX HX NephoOaxX AMIVIHTYAbI COCTABJIAIOULUAX 
CKOPOCTH TeYeHHA OyyT pa3sIMUHbI (Ha MOBEPXHOCTH BOAbI OHH OOPAaTHO TIpo- 


MOPWHOHAJI bHbI V + 2Q).C 3THM ABJICHHeEM, BEPOATHO, MOXKeT ObITb CBA- 
3aH H3BECTHbIi (pPaKT HEMOCTOAHCTBA TaK Ha3bIBa€MOFO BeTPOBOFO KoIpPuUHeHTa 
(OTHOIWeHHA CKOPOCTH TeYeHHA K CKOPOCTH BO30yxatollero ero BeTpa). Jeso 
B TOM, 4TO rapMOHHYeCKHH COCTaB BeTPOB, BO3OyxKaloOllHX TeYeHHe, MOXKET 
ObITh pa3svIHYeH ake Mp OM3KHX 3HAYCHHAX CPeMHHX CKOpocTeH BeTpa, YTO, 
cormacHo dopmysam (5) — (6), AouKHO NPHBOAHTb K Pa3IMYHbIM CKOPOCTAM 
TeYCHHH, BbIZbIBAeCMbIX TAKHMH BeTPaMH, H, CIeOBaTeIbHO, K HEMOCTOAHCTBY 
BeTpOBOrO KoOSPpuUHeHTA. 

VMutepecho OTMeTHT, UTO B BbIparkenusa (5) — (6) yrmoBas yacToTa BO36yx- 
atollero TeYeHHe TAHTeHIMaIbHOrO HaMpAXeHHA BeETPa H YABOCHHAH YacToTa 
BpallleHHA SeMJIH BXOLAT B BHUJe CyMMbI. CeOBaTeJIbHO, OMMCbIBaeMOe ABJICHHE 
OyeT MPOHCXOUTb OJMHAKOBO IPH NOCTOAHHOM BeTpe (W, = 0) Ha Bpaltatouletica 
Semsle H Ha HeENOABHXKHOH Semuie, HO Mp MepeMeHHOM BeTpe c yroBoli yacToToN, 
paBHoH 202. 

3 Berpaxkenni (5) — (6) cmemyer, uTo ReicTBueM cuaHn Ko- 
prontuca MOX HO NpeheO pees “Np W @,S> 20) Or Cf en pee 
MeHcTBUHM ROCTATOUYHO KOPOTKONe€ PUHORHHX BETPOB. 

IIpu crpemmeHuu ©, K Hyvi0 (NOCTOAHHDI BeTep) d@opmyub! (5) — (6) npe- 
oOpasylOTCA B H3BeCTHbIC BbIPAKeHHA MIA CKOpocTeH Apekidoworo TeueHua, 
nouly4ueHHble OkMaHoM (*) (ocb y yHOOHO B STOM Cily¥ae B3ATb BJONb HanpaB- 
JIGHHA BeTpa). . 

[yOuHa, Ha KOTOPpOH BeKTOP CKOPOCTH MPHHMMaeT HalpaBJenue, nporu- 
BONOJIOXKHOE HalpaBJICHH!O CKOPOCTH Ha MOBePXHOCTH BOOeMa, KAK H3BECTHO, 
HOCHT Ha3BaHHe yOMHbI TPeHHA MH, COrmacHo OKMaHy, ONMCHIBaeTCa (bopmysoli 


Dyess Vere vt lO 


IIpu qelicrBuu MeHsIOUerocd TaHreHUMabHOTO HanpsAXKeHUA BeTpa c Yac- 
TOTOH Wy, TuyOuHa TpeHHA OKa3bIBaeTCA paBHol 


Fa 


2y 
Da=t V oe (11) 


Buipaxkenne (11) mepexogqur B (10) npn @,—> 0 (nocroaHuEii Berep). 
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TakuM o6pa3som, B OOUleM clyyae rayOuna TPpeHUA 3aBUCHT 
He TOJbKO OT KOIOOUHUUNEHTA VA yrnmoBon CckOpocTu 
BpamenuaxA SeMaAUu, HO HW OT YrAOBOK YacTtoTH BOs 
OyKMawmero TeyveHHne KACATECNbBHOTO HanpaA KCHHA 
BeTpa (pue. 1). CreqopatenbHo, rayOuHa TPeHHA OKABE 
BaeTCH He€OAWHHAKOBOH AAA BETPOB Cc PpasAHYIHBMA 
nepuoaMu. OTHM, BO3MOXKHO, OObACHHETCA HaGsIOMaeMoe HeMOCTOAH- 
cCTBO IvIyOHHbI TPeHHA B ApelidboBpix Teyenuax, 


BO3OYKaeMBIX PCaJIbHbIMH BeETPaMH, HMEIOULUMK 10 
pa3sIHUHBI, MOCTOAHHO MeHAIOWIMHCA TrapMmo- i 
HHYeECKHH COcTaB. 08 
2,.¥YueT ReHcTBUuA CHM GOKO- | 
BOTO TpeHus. _YpaBHeHve BuxKeHuA «§ 6 


X%KHAKOCTH B [peHoBOM TeYeHHH C yYeTOM CHI 
OoKOBOrO TpeHHA UMeeT BUI 

ow = ow ow , dw 

— = fe 2 0 6 “20 22 

ay + 2iQw =v ar Tt A(Sat aoe (12) en a 
re A — KoapiuuvenxT ropwH30HTambHoro Typ- Puc. 1- Tay6una rpenna D,, (B 
OyJe€HTHOrO TPeHHA; OCTAIbHbIe OGO3HAYeHHA eAuHAMax Do) Mpw pasqM4HEIX 
npexkHue yacTOTax On BO36 yK Maroulero yf hed 

KomnoueHTbl KacaTeIbHOrO Hanpsxkenusa Bet- eH KacaTembHorO HanpsKeHuA 

TpeHuA BeTpa (B efMHUWAX () 
pa OyJlem Tenepb mpeAnomaraTb NPpOv3BOJIbHbIMU 
(HempepbIBHBIMH MH Anddepenuupyempimu) PyHkK- 
IMAMH He TOJIbKO BpeMeHH f¢, HO HM TOPH3OHTAIbHBIX KOOPAHHAaT X UY. 

Jina ympouleHuaA 3aauH paccMOTpHM TeYeHHe B MOpe MpocTelilieH, MPAMO-. 
yFOJIbHOH, POPMbI Cc PpasMepaMH BAOJIb TOPH3OHTAJIbHbIX OCeH X HU Y COOTBET- 
cTBeHHO X u Y. 

BpeweM KOMMJIeKCHYIO (pyHKUHMIO KacaTeJIbHOrO HallpaxKeHHA Berpa 

t (x, y, t)=7,(x, y, t)+ it, (x, y, t) M pa3moxKuM ee B TpoHHO pan ele 
Ha WCcJlelyeMOM HHTepBaJle H3MeCHeEHHA NMepeMeHHBIX’ ft, xX HY: " 


S 


co co foo) we | 
(x, O= 3 YY smexp iF z|-sin age xsin 7" y, (13) 
b=0om=1 n=) : , : : 
rye f | { my 
pernen 3 : 
Cnn = FRY | \ a) Gri yiexp | — inp 4] x 
000 

ee euorie 

x sin—y—*- sin -y: -dt dx dy. (14) 


Takum o6pa3om, Ha dbyHkuuiIo w(x, y, Zz, ¢) HaslaraeTcA rpaHwuHoe 
ycJIOBHe 


co 
: 271 2m 2nn 
ivy le =>} >) <f,,,exp |i aa SSI ye XSi 7 Poe eo 


Kpome Toro, Heo6xoxuMo noTpe6oBaTb, YTOObI Ha rpaHullaxX MOPA BBITIOJI- 
HAJIOCh YCJIOBHe PaBeHCTBa HYJIIO KOMIIOHCHT CKOPOCTH, T. €. 


(16) 
: 4* 915, 


W |x=0, X; y=0,Y = 0. 


Bsezem o003HayueHHua: 


VV (or-+ 20) + A? (p2, + @2) + A(p2, + 92) =C 


V Vo +20)? + A2(p?, + qi) —A (Pm + qn) =D 


Pemenne ypaBHenua (12) (41d KOMMNOHeEHT CKOPOCTH) C TpaHHUHbIMH YCJIO- 
puamu (15), (16) u ycuoBHeM OrpaHHYeHHOCTH CKOpOcTH Ha JlOCTaTOUHOU 
rayOuHe novlyuaem B BHJe 


Es re eS "2 
a a Vi a + T1mn 

(x, et) ig pda RAE Tole 
=) m=1 n=1 oVy Vi ©) + 20)2+ A? aed “te Gao . 


D : d 
© x eX. S ao z cos | ont — = 2+ Pin | SIP DaXaSin Gays, “CL? 


Ve 
t a , ai Timn ar Ti mn 


l=0 m=1,.n=1 


4 
PY Y V (w, +20)? A2(p?, + 92)? 


xX exp Ee = z|sin [ot— am -L dinn | SiN PmX-SiN Gny, (18) 
rye 
Tae ae Tiree 
— ; : : 19 
bran, = arcte eae | (19) 


tmn | Timn — AeHCTBUTeIbHad H MHAMad YacTH KOMMJIeKcHOro KospPpuluenta 
Tinnr OL 201/T, Pm = 2nm/X, qn = 2en/Y. 

Takum 00pa30m, YHCTO ApelicboBoe TeyeHHe B MOPe PaCCMaTPHBaeMOH CPOpMbI 
ABJACTCA CYNePNOSHUMeH Pa3JIMYHbIX CKOPOCTHBIX BOJIH, AMMJIMTYAbI KOTOPEIX, 
a Take CKOPOCTH 3aTyXaHHA c ryOHHOH u Apyrue XapaKTepHCTHKH CyLecT- 
‘BEHHO 3aBHCAT OT KOSPPHIMECHTOB TYPOYJICHTHOrO TPeHHA HU YaCTOT (BO BPeMeHH 
H B MIPOCTPaHCTBe) COOTBETCTBYIOUIMX TaPMOHHYECKHX COCTABJIAIOULHX BO36yxK- 
Halollero TeYeHHe KacaTeIbHOrO HanpAXxXCHHA TPeHHA BeTpa. 


Wuctatyt okeaHosioruu Tloctynuso 
Axayemun HayK CCCP 8 VI 1959 


WMTHPOBAHHAS JIATEPATYPA 
1 V. W. Ek man, Ark. f. Mat., Astr. och. Phys., 2, Ne 11 (1905). 
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Joxuzangn Arkagemuu nayr CCCP 
1959. Tom 128, Ni 5 


TFEOPH3HKA 


B. A. TPOMLKAS uw M. B. MEJIBHHKOBA 


O XAPAKTEPHbIX HHTEPBAJIAX KOJIEBAHHHM, YBbIBAFOLINX 
NO HEPHOWY (10—1 CEK.), B IJIEKTPOMATHHTHOM IMICJIE SEMJIM 
WH UX CBA3H-C ABJIEHHAMU B BEPXHEM ATMOC®EPE 


(ITpedcmaereno axademuxom J. H. Ilep6axoeoim 6 VII 1959) 


MccneqoBaHHe KPyrvlocyTOUHbIX yIbTpaOpicTphix (1/2 mM/cek) 3anuceli Ba 
pHallMH SeKTPpOMarHUTHOTO Noa SeMIH NOKa3as0, YTO B TeYeHHe CHJIbHbIX 
MarHUTHBIX Oypb MMeIOT MeCTO XapaKTePHble HHTePBasbl KOPOTKOMepHosUYe- 
CKHX KOeOaHHH, yOpiBalollux no NepHosy B npesenax oT 10 Jo | cex (k. y. m.). 
MomenTbl BOSHHKHOBCHHA 3THX XAPAKTePHbIX HHTEPBAaJIOB COBMaLalOT C MOMEH- 
TaMH BOSHHKHOBeCHHA MOJIAPHbIX CHAHWH B HU3KHX WHpoTaX HM C MOMeHTA- 
MM Hauvajla CHJIbHbIX BO3MYUCHHH B HOHOCHepe, COMPOBORAaOuluXcA Pe3KHM 


ANA Ah if sh T=1CER. 


A MUA. 


Puc. 1. CxemMa uHTepBaa KomeOaHHH, yObiBalouiux Mo nepHosy 
(x. y. .). T~10—1 cex. 


mlageHHeM KPHTHYeCKHX YacToT con Fe, Audpy3HoOcTbiO WIM NOJHbIM Noriowse- 
Huem. MccmeqoBaHHble K HaCTOALLEMy BPCMCHH MATePHaJIbI NPHBOLAT K 3aKJIIO- 
YeHHIO, UTO HHTeEPBaJIbI K. Y. I. ABJIAIOTCA TEM MOPCOJIOrHYeCKHM THIIOM BO3+ 
MYLICHHA 3JIeKTPOMArHHTHOTO Noa SemsM, KOTOPbIM MpAMO KODpeupyercsa 
C pa3BHTHeM KPYNHBIX BOSMYULeHHH B BePpXHHX CJIOAX aTMOC(ePbI, KAaK B OTHO- 
WeHHH Havala 3THX B3aMMOCBA3AHHbIX ABJICHHH; Tak, MO-BHJMMOMY, H B OT- 
HOWeHHH HX Pa3BHTHA M OKOHYaHHA. Byicrpple 3amMcu 3/IeKTpOMarHuTHOTO 
noma SeMJIM NO3BOAIOT 10 XapaKTepHbIM MOpdosOTHYeCKHM IpPH3HakaM (HH+ 
TepBaJl K. y. 1.) OMpeJeIHTb, B KaKH€ MOMCHTbI MarHHTHOH Oypu HayHHaloTCA 
HW MpoOXOAAT HanMOoulee HHTCHCHBHbIe BOSMYWCHHA B BepXHeH aTMocdepe. 

XapaktTep KomeOaHuli B MHTepBasle K. y. 11., MOCMeAOBATeIbHOCTb CMEHBI Me 
PHOOB KOeOaHHH, 3AKOHOMePHOCTH BO30yAeHHA K. y. I. MO M€CTHOMY HM MH- 
POBOMY BpeMeHH, a Tak2%Ke OCOOeHHOCTH WIMPOTHOFO pacnpocTpaHeHHs K. y. Nl. 
ABJIAIOTCA HOBbIMH JONOJIHHTeCIbHbIMM TMapaMeTpaMu, KOTOPbIe CMOryT ObITb 
HCMOJIb3OBaHbI IPH UCCeAOBAHHAX MarHUTHbIX Oypb, H3yYeHHH BeEPXHAX COEB 
aTmocdepbl, a TakXKe MPH PpaccCMOTpeHHH OCOOeHHOCTeH B3aHMOJeHCTBUA COJI- 
HEYHBIX KOPMYCKYAPHEIX MOTOKOB C OKPY2KalOllHMH SemuIO COAMH 3aPA2KeH- 
HbIX 4aCTHIL. 

XapakTepHble HHTepBaJIbI K. y. 1. OblH OOHAPYXeHbI Ha ObICTPbIX 3aMHCAX 
3CMHBIX TOKOB (1/2 mM/ceK) B XOJe aHAaIH3a MHKPOCTPYKTYPbl M@rHUTHBIX Oypb 
lo KopoTKonepHosuyeckuM KoseGaHnsaM (1). 1A anamu3a Opi MCMOJIb8OBaHEI 
KpyruocyTouuble 3anucu 17 coBercKHX cTaHWMu, 2 U3 KOTOPbIX PacmosO*KeHb! 
B AutapKTuke, 5 B Apxtuke u 10 B cpequux wmporax (). Ha puc. | mpupegena 
CxeMa Pa3BHTHA HHTepBala K. y. I. B efO Havsyulliem BbIpaxkenuu. B cxeme 
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He OTPaKeHa OTHOCHTEMbHAA MPOMOJKUTEbHOCTh TeX. WIM HHbIX Koe0aHHlt. 
Pasyersiollue YepTOUKH O3HadaIOT, YTO BCMIeCK KONeOaHHH Apyroro Nepuosa ° 
MOXKET CCNOBATh Yepes HEKOTOPOE MPOH3BOJIbHOe BPeMA NocMe MmpeAbIAyulero 
KoleOaHua. Mureppas HaunvHaeTca C HelpaBHJIbHOrO HM3JIOMa JIMHHM 3allvcu, 
Ha (poHe KOTOPOH HaYHHalOT MOABJIATbCA OTAEJIbHbIC BCIJICCKH OTHOCHTCIbHO 
IPaBHJIbHBIX KoeOannit c nepHoyamu 6—10 cex. SaTeM HauHMHalOTCA CepHu 
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Puc. 2. CXeMa pa3BHTHA HU MpoxoweHHA 
10 pa3yIMUHBIM CTaHUMAM MUHTepBasa 
K.y. 11. Ja Maruutuon Oypu 29 1X 1957r., 
TO OCH a6clucc OTIO%KeHO BpeMaA M10 
Tpuusuuy. Hayao orcueta copmayaet c 
HauaJioM K. y. I. @— Hayao Komeba- 
Hui, 6 — 5—10 cex., 6 — 3,9—4,5 cek., 
2 i Dm CCKay OC) Om CCKar 


IIPaBHJIbHbIX KOJeOaHHH C MeHbLUIMMH Me- 
pHowamu. CaMbIM XapaKTepHbIM 3JIeMeH- 
TOM K. y. Il. ABJIAIOTCA KOJeOaHHA C MepH- 
ojamu 2—4 cex. MmeHHo KomeOaHHaA 9THX 
MepHoOdOB MOFyT MpofomKaTEca Oe3 3aTy- 
XaHua B TeyeHHe JeciTKOB MHHYT. JA 
BCeX KOeOaHHH, COCTaBJIAIOULAX HHTepBa, 
XapaKTepHa aMMJIHTYAHaA MOAyAWMA, Me- 
pexofailad B OveHua KomeOaHHi. 

Ilo nojyueHHbIM K HacTOALeMy BpeMe- 
HM JaHHbIM B XOJe MarHHTHOH Oypu MO*Ker 
HaOsmtogaTEea oT | Jo 4 MHTepBaJIOB kK. y M1. 
I]poqouKuTesbHOCTh WHTepBasla K. y. I. 
OObIUHO He Oowee Yaca, XOTA HaOmIOa- 
1OTCA H CayYau Oomee MpOAOJKUTCIbHBIX 
KomeOaHHi. MutTepBasib! MOryT CJIelOBaTb 
pyr 3a Jpyrom c nepepbiBamu oT jlecaT- 
KOB MHHYT Jo 2—3 yac. 

Bee kpynHeluine Oypu 3a nepvoy Me- 
*KyHapolHoro reodu3snyeckoro rofla co- 
jepxKasIM MHTepBasbl kK. y. . Han6omee 
ApkO OHH ObIIH BbIpakKeHbt 4 nu 29 
FX} 1957 r.;'11 I], 8 VII u 4 1X 195834 
JlocrarouHO XapakTepHO HHTepBaJbI mpo- 
min uB Oypu 2, 13u 211X 1957r. Hec- 
KOJIbKO MeHee XapaKTepHO ObIIO pasBuTHe 
MHTepBaIOB K. y. 1. B OypuH 25‘ IX y 
24 X 1958 r. 


e — 1—2 cek. 

Ha puc. 2 ummtocTpHpoBaHo mpoxoxKJle- 

Hue H pasBuTue K. y. 1. 291X 1997 r. ana pasM4HEIx craHiui. Pasnnunasn 
IUTPHXOBKa OOO3HaYaeT PasHble MepwHoy KoeOanul. 

[paduk moKa3plpaer: 

1. B xoge marHuTHol Oypu 29 IX 1957 r. Obino Ba uHTepBaua K. y. Nn. 
Tlepppii 13 HuX Obl MpHMepHO B 2 pa3a mposomKuTebHee, Yem BTOPoH. Oba 
HauvaIHCb C HeMPaBHJIbHbIX KOJeOaHHH HM KOHUMIMCb KOe6OaHHAMH MaJIOrO 
mepHoja. 

2. Pa3BuTHe K. y. Il. 10 CTaHIWHAM yKa3bIBaeT Ha OHOBPEMCHHOCTH Hayasa 
M KOHIa KOeOaHHH, COCTABJIAIOUIMX K. y. 1., Ha OfpOMHOM TeppuTOpHY, T. e. 
oO BosOyKeHHH K. y. 1. MO MHpOBOMy BpeMeHH. 

3. CMeHa mepHofoB KowleOaHHii BHYTpM MHTepBana K. y. 1. mpoxogut 
C HeOOJIbIIMMH OTKJIOHEHHAMH MPHMepHO OAMHaKOBO 0 BCeM cTaHiMaM. Vc- 
KmoueHHe cocTaBseT [lerponaBaoBck, Te MPOCMeKUBAIOTCA JIMUIb CELE OT- 
AeIbHBIX KONeOaHHi K. y. II. H Pe XapakTep KomeOaHuit HM UX CMeHa CYLecTBeH- 
HO OTJIMUHbI OT KOeOaHHH Ha 3aMaqHEIX CTaHIuAx. 

A. Oranune B MPOTeKaHHH H Pa3sBHTHH K. y. ll. Ha rpynme sanayublx cTaH- 
WMH H Ha BOCTOUHOHM CTaHIMH yKa3biBaeT, 4YTO, HapaAyy c BosOyKeHueM onu- 
CbIBACMBIX KOPOTKOMEPHOAMYECKUX KOeOaHH MO MHPOBOMY BpeMeHH, Ha pa3- 
BUTHe STOTO ABJICHHA CYWLECTBEHHO BJIMAIOT YCJIOBHA, OMNPeeIAeCMbIeC MCCTHBIM 
BDeMeHeM. 

Anaoruunblit ananu3s Obl mpoBeqeH Aa pyrux nepeuncnenupix 
Bbile Oypb. Tlomyyennble WaHHble CBUAETEIbCTBYIOT, UTO B OOJbIIMHCTBE CJLy- 
YaeB HHTepBa K. y. 1. HaYMHaeTCA OKOVIO 17 ac. no [puuBnyy (qa 3amaqHbix 
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eranuui). Msyuenne npoxoxkeHna KoeOaHuit no BOCTOUHDIM M 3amaHbIM craH- 
WHAM NPHBOLMT, C APyrok CTOPOHbI, K 3aKJIOUeHHIO, YTO BO3Oy2*KeHHE K. y. M1. 
KOHTPOJIMPyeTCH MeCTHbIM BpemeHeM. IIpH oOHOBpeMeHHOM BosOyx,eHHU 
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Puc. 3. f-rpacbuKu cocTosHua HoHOcdhepb! Ha cTaHuHH Mockpa WA 

MarHuTHEIx Oypb 8 VII u 4 1X 1958 r. Ilo ocu a6cuuce yKa3aHo 

BpeMa MepHfinaHa 30° E, mo ocu opAuHaT — uacToTa B Merarepltax. 

BepTukaJIbHbIMH CTpeKaMH Ha OCH BpeMeHH yKa3aHO Hayao Nep- 
BOrO H BTOPOrO HHTepBaOB K. y. I. 


K. y. 1., OMPeeAe€MOM, BEPOATHO, MHPOBbIM BPeMeHeM, eFoO YeTKOe MPOABIe- 
HHe BO3MO2KHO B COOTBETCTBHH C MepBbIMH MOJIYYCHHbIMH Pe3yJIbTaTaMH, B Mpe- 
Nenax 6—8-uacoBbIX MOACOB, AWIA KOTOPbIX HMeeT MeCTO Beyep, HOUb HIM paH- 
Hee yTpo. IIpeumyulecTBeHHoe Bo3OyxeHHe K. y. 1. B NPOMe?KyTOK BPeMeHH 
or 16 uac. 30 mun. Jo 18 vac. no Ppunsuyy, BeposTHO, HecI1yyalHo. OTo BpemaA 
copnayjaer c 4acaMH, OJIM3KHMM K MOJYAHIO Ha MepHMaHax CeBepHOro MarHHT- 
HOrO HM YeOMarHHTHOrO MOJIOCOB. 

ConocraByleHHe TepHOJOB BO30yxXAeHHA K. y. Il. C Pe3yJIbTaTaMH BH3YyaJIb- 
HbIX HaOJNOJeCHHH NOJIAPHbIX CHAHWH B CpeAHHX WMPOTaX MOKa3bIBaeT, YTO Ha- 
yalO HW Pa3sBUTHe K. y. Ml. COBMaaeT C BOSHAKHOBEHHEM MH PaSBATHEM MOJIAPHBbIX 
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CHAHHH KpacHoro cBeyeHHa. Jia wOCTpallMv COBNAaeCHHA HHTEPBAJIOB K. y. M1. 
C BO3HHKHOBeHHeM MOJIAPHBIX CHAHHH B HH3KHX WHPOTaxX NPHBOAHM OMHCaHHe 
BH3YaJIbHbIX HaO/IOJeHHM NOAPHbIX CHAHHH B HOUb Cc 29 Ha 30 IX 1957 r., 
a TakxKe Pe3yJIbTaTb!l CNEKTPaJIbHbIX HaOJIOACHHH MOJAPHOrO CHAHHA Ha CTaH- 
uuu Amma-Ata (%). ~ 

Ha jByxX CHHMKax HeOyIApHoro cnexTporpapa TAMIL Bp Anma-Ate 29 IX 
B 16 yac. 36 mux. no Ipuusuyy (c akcno03HUKeH 30 mMuH.) HB 16 Yac. 59 MHH. 
(c skcno3HIHei 2 MHH.) aHOMaJIMH HeT, 3e1eHaH JIMHHA Apue KpacHoH (HeCMOTpA 
Ha TO, YTO MarHuTHad Oyps Hayasacb B 12 yac.). CHuMOK, CeaHHbIi B 17 yac. 
10 mMHH. C 9KCNO3HIHeH 6 MHH, asl pe3Koe ycusIeHHe KpacHOH JIMHHH. OZHO- 
BPCMCHHO BH3YaJIbHble HaOJIONCHHA MOKa3aJIH, YTO HeOO BCIbIXHYJIO B 3TO Bpe- 
MA APKHM KpaCHbIM cBeyeHHeM. OOpaTHBUIMCcbh K pHc. 2, MOMKHO yOeMHTbCA 
B TOM, UTO K. y. 1. Hauauica B 17 4ac., T. €. MOMEHT eFo Hauawa COBNa C HaYaJiOM 
pasBHTHA NOMApHOro cusHHA. Jlanee Bu3yaJIbHble HaOJIOJCHHA CBHCTeIbCTBY- 
1OT O TOM, 4TO B 19 yac. 39 MuH. (T. €. B MOMeCHT Hau¥asla BTOPOroO HHTepBala 
K. y. I., CM. puc. 2) HMesla MeCTO BTOpas! APKaH BCMbIWKa KPaCHOrO CBeYeHHA. 
CnekTporpaduyeckne JaHHble TakKKEe yKa3bIBalOT Ha TO, YTO B 3TOT NepHOA o- 
MMHHpyeT KpacHan HHUA. Haunnasa c 20 vac. 13 MMH. HHTCHCHBHOCTb Kpac-) 
HOH JIMHHH CTaHOBHTCA MPHMepHO PaBHOH HHTeCHCHBHOCTH 3eeHOH. Bu3syaub- 
Hble HaOJIOMCHHA CBUJETEIbCTBYIOT O TOM, Y¥TO K 20 4ac. 24 MMH. KpacHoe CBe- 
yeHHe oca60, UBeT HeOa CTasI rou yOoBaTbIM, T. €. K KOHLY BTOPOro HHTepBasa 
K. y. Il. KpacHan qbopma cBeyeHuaA koHYaeTcH. B onvcaHHM pa3sBuTHA CHAHHH 
B 9TOT Ke JeHb B Oyecce yKa3bIBaeTCA: CTOJIObI KPaCHOrO CBEYCHHA BO3SHHKJIH 
NepBbIH pa3 oKoIo 17 uac. no I pHuBuyy u BTOpOoH pa3 (HaHOoee APKO) OKOIO 
20 yac. (T. €. B MOMCHTHI, OH3KHe K HadaJly HHTePBaJIOB K. y. M1.). 

AHaOrH4Hble pe3yJIbTaTbI COMOCTaBeHHH ObVIM NOyYeHbI H LIA Dpyrux 
Oypb. ConocTaBleHHe HHTEPBaJIOB K. y. Ml. C ABJIGHHAMH B HOHOCHepe MOKa3aso0 
MpAMY!O KOPPeJIALHIO MexKy MOMCHTAMH HX BOSOyKAeCHHA WU HavaJIOM Pe3KHX 
HaPyWeHHH HOPMAJIbHOrO COCTOAHHA MOHOCHepb!, COMPOBOXKTalolluXCA CHJIb- 
HbIM Ma}eHHeM KPHTHYeCKHX YacToT cliod Fe. B psye cyyaeB OLHOBPeMeHHO 
C MHTeEPBaJIOM K. y. I. HaCTyMalo NOMHOe NOriouleHHe HIM HaOmMOZanach Lud- 
(y3HOCTb. 

B kayecrBe mpuMepa Ha puc. 3 mpuBeseHbl rpabuku, XapakTepu3yloulne 
coctosHHe noHocdephi 8 VII u 4 1X 1958 r., T. e. B TeueHHe ABYX KPyNHeHWHXx 
Oypb 3a mepuox MexyyHapogHoro reodu3uyeckoro rofa. CrpeiKaMH m0 OCH 
BPeMeH OTMCYeHO Hayao HHTePBaJIOB K. y. M1. B XOe MarHuTHOH GOypu. Tpa- 
(UKM MOKAa3bIBaIOT, YTO B OOOUX CMyYaHX pe3KOe HapylleHHe HOPMaJIbHOTO 
COCTOAHHA HOHOCHepbl CoBNaaer C HaYaOM BO3Oy2KJeHHA HHTEPBAJOB K. y. M1. 
(IIpu stom o6e MarHuTHble OypH HadaJIHCb 3a HECKOJIbKO YaCOB JO HaCTYMVIeHHA 
BOSMYLIeHHH B uoHocdepe.) 

TakuM oOpa30M, mposeyeHHbIli .aHanM3 NOKa3bIBaeT, YTO HHTEPBaJIbI 
K. y. Ml. SABJIAIOTCH, MO-BHJHMOMY, TCM XapaKTePHbIM MOPMosiorMyeckHM 
3JIEMCHTOM BO3MYICHHA IJIEKTPOMATHUTHOTO MOH SemsH, KOTOpbIi nmpsAMo 
KOPPeJIMpyeTCA C Pe3KHMH BO3MYLICHHAMH B WOHOCHepe H C pasBHTHEM NOJIAP- 
HBIX CHAHHH B HH3KHX WIMpoTax. OTOT Bu BOSMYIWeHHH He Obl OOHapy2KeH 
Ha MarHHTOrpaMMax PaHee, MO-BHAHMOMY, MOTOMY, YTO JIA €FO BbIABJICHHA He- 
oOxoluMa KPyrviocyTouHad Opicrpad sanvcb C OombIUOl UyBCTBUTeIbHOCTHIO 
(nopaqKa 0,001—0,01 1). Sanucu muTepBasos kK. y. m1. MOryT ObITb uCnOb30Ba- 
HbI KaK JIA BbIeICHHA H H8yYCHHA BOSMYILCHHEIX Me€PHOAOB B BePXHeli aTMO- 
cepe, Tak HM JIA McCcefOBaHHA OCOOeHHOcTeli UX PasBUTHA. 

Wuctutyt pu3aKu Seman Tlocrynmao 


uM. O. JO. UImugra} 4 VII.1 
Akajlemuu Hayk CCCP aman 


UHMTHPOBAHHAS JIUTEPATYPA 


*B. A. Tpouwkaas, Muxpoctpyxtypa kpynueitwux MarnnTuplx Oypb M0 KOpoTKo- 
nepHoquyecKHM KoeOaHuaM 3a 8 Mecaues MIT, Tp. V Accam6nen CK MIT, H3a. AHCCCP, 
B llewaTH. O.M.Bapcykos,B.A.Tpoumka a, Conetckne CTAHILHH 3€MHBIX TOKOB, 
H3q. AH CCCP, cepua MIT, 1959. ? Acrp. uupKyaap, Ne 186, HOAOpb, 26 (1957). 
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Hornagne Akagemun nwayr CCCP 
1959. Tom 128, No 5 


TEXHHYECKAA PH3HKA 


B. Jj. EBJOKMMOB, B. C. PAQYHK u A. C PARYUHK 


CHJIA TPEHHSA WH JE®OPMAWHS MOBEPXHOCTEM 
(ITpedcmaeaeno axademuxom II. A. Pe6undepom 22 V 1959-) 


| 1. B pa6Oorax (1, *) yKasbiBajlocb Ha HeCOOTBeTCTBHe B Jle*opMallMAX Ha’ 
-HepaBHOBeJIMKHX NOBepXHocTaAx TpeHus. B. JI. Ky3Hetos (°) Bpicka3biBaer 
COMHeEHHE O BO3MOXKHOCTH 3a4MeTHbIX AeopMallHH, BbISBaHHbIX CHIOH TPpeHusA 
B 30HAX pelwecTBylOlleH KOHTaKTY (C2KaTHe) HW 3a KOHTAKTOM (pacTs>KeHHe). 

JjaHHoe uccieqoBaHHe NOATBepxAaeT CyWIECTBOBAHHe yKa3aHHbIx edopma- 
WHH He TOJIbKO IPH TpeHHH HeCMa3aHHbIX NOBePXHOCTeH, HO M IPH HaMUHH 
TOHKOFO CJIOA CMa3KH. IlomyTHO BbIABMIaCb HOBaA BO3MOXKHOCTb UCCeLOBaHHA 
(@PHKUHOHHbIX CBOHCTB TOHKHX CMA@304UHBIX MVJICHOK. 

2. Mero, ucceqOBaHHA 3ak11OUaeTCA B H3MepeHHH Jedopmalnli’ nopepxHo- 
cTeH MPH NOMOLIH MpOBOJIOUHbIX TeH3OMeTpoOB (4). KoHCTPpyKUHA HCMbITATeIb- 
HOH yCTaHOBKH mpuBeseHa Ha puce. |. 
BpatleHue oT JBuraTeiA Yepes uep- 
BAYHbIN peyKTOp Mepefaetca Ha Ba | 
C YKPeNJIeHHbIM Ha HEM KOJIbILOM 2. 
Harpykeune o6pa3ua O c HakJIeeHHbi- 
MH Ha HEM IIPOBOJIOUHBIMH TEH3OMETPaMH 
OCYILECTBIACTCA C MOMOULbIO pplyara J. 
Cua TpeHuA CKOJIbKeHHA U3MepAeTCA 
mo ResopMalHuH ynpyroro 91emeuTa 4, 
Ha KOTOPbIH HakJIeeHO [Ba TeH3OMETPA. 
B HwKHeH YacTH KOpmyca momelileHa 
BaHHa 5,B KOTOPYyIOB Ce€pHH OMBITOB CO 
CMa3KOH 3aJIMBaeTCA MaCJIO. ONeKTPOH- 
Had UaCTb YCTAHOBKH COCTOHT H3 yCHJIH- 
Teja, Jatoulero Ha BbIxose TOK 12 000 ma Ha 1% gechopmalun, weldoBoro: 
ocluIorpada u dpusbTpa kK Hemy. JA Toro YTOObI HCKJIIOYHTb KOHTAKTHBIe jle- 
dopmalluu, a TaK2%Ke OGeCHEYNTh AJIMTeIbHYIO CTAOWJIbHOCTh NPHieraHHA KOJIbILA 
NO OOpasily CompsAxKeHHe BbINOJIHeEHO B BUe TOPpMO3HOH Napbl. PaccrosHne 
A Mexly cepeMHaMH KOHTAKTa COMPSXKeHHBIX Te HM MaTYHKa (puc. 1) cocTaB- 
aseT 14,5 MM. 

3. M3mepeHupie yKa3aHHbIM oOpa30M JedopMallyn ABIAIHCh edopmMallns- 
MM y4aCTKOB, MPHMbIKaIOUHX K 30He HeNoOcpeACTBeHHOrO KOHTAaKTA. Mcnpiranbi 
6bimH MaTepHasbi: cTamb Y-8, Opou3a OLIC-6-6-3, uyryH CU-15-32, amto- 
MHHHH wu TekcTomuT. Konbilo H3roTOBIeHO M3 yrulepofucToH cram 45 c no- 
cnefyrolleH 3akamKkoH. VMcxogquaa uncToTa moBepxXHocTeH oOOpasiloB HU KOVIbla 
nopaaka yyvy9. 

Ona cepHa ONbITOB CO CMa3KOH MPOM3BOAuIAaCb C BePeTCHHbIM MaCJIOM 2, 
lpyraad cepa c napok cTadb M0 CTaJIH NPOHSBOLMAaCb C HCHOJIbSOBaHHeM Mace: 
BepereHHoro 2, aptoma 10, aprona 18, MC20 u kacroposoro. Ilepeq Hayanom 
onbITa oOpasell H KOJIbILO TULATeJIbHO OUMUAJICb. 

Jlo mycKa MoTopa Ha JleHTe oclMIIorpada Opwia sanucaHa JIMHUA CTaTHYe- 
ckKol RecbopMalluu MpH 3aaHHOH Harpy3Ke; 9Ta JIMHHA B MOCeLyIOUleM CJy2KH- 
ja Hayao otcueta (puc. 2). BaxkHo OTMeTHTb, YTO HaJIMUe COA CMa3KH (IPH 
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H€H3MCHHOM JlaBJICHHH) HH B OJHOM Caly¥ae He IIPHBOAHJIO K 3aMeCTHOMY H3Me- 
HeHHIO JlepopMallHH CTaTHYeCKOrO HarpyKeHHA. | 

Hsmepenuad mponsBosusncb upu 5 pasIM4HbIX Harpy3kax. CKOPOCTb CKOJIb- 
%KCHHA BbIepKuBaslacb mocToAHHOH 0,2 M/cek. BuauaHwe TemmepaTypbl Ha 


MOKa3aHHA MPOBOJIOUHbIX aTYHKOB UCKTOUaOCh AuddepeHUMaJIbHbIM BKJIIO- 
YeHHeM MOCIeqHHX B MOCTOBYIO cxemy. Kax- 
JibI ONbIT MpOH3BOAMICA 3 pasa; TOUKH Ha 
rpapukaX ABJIAIOTCA cpelHe-apudmeruuec- 
KUMH. | 

Ha puc. 2a moKa3aH y4acTOK THNOBOK 
OCIIWJIJIOrpaMMbI ONbITa; Ha pHc. 20 TpHBe- 
JeH yuacTOK OCI{HJIOrpaMMbI MPH peBepce 
CKOJIbKCHHA. Gylecb Harvit]HO MJeMOHCTPH- 
pyeTcH H3MeHeHHe 3Haka JecbopMallHH. 

4. B KaxJom onmbire locue yaJieHHA Ha- 
rpy3Ku HaOloJaicA BO3BpPaT JIMHHH Wena 
K HYJIO, 4YTO CBHeTebcTByeT OO ynpyromM 
xapakTepe JecbopMalnu. 

M3 paccmoTpenua rpadukoB Ha puc. 3 
celyer: Qa cTasmu (a), 6pou3pi (6) H TeKCTO- 
muta (6) Wehopmalluu moBepxHocTu oOpasia 
6e3 cmMa3kH (KpuBble /) no aOCOJIKOTHbIM 3Ha- 
yeHHAM Oovlblle, YeM edopmMalluA B MIpH- 
CyTCTBHH Macvia (kpuBble 2). IIpu ucnpirannu 
uyryHa BCyxyt0 (2) pas6poc SKcNepHMeHTaJIb- 
HbIX TOUeK He TMO3BOJIHJI YCTAaHOBHTb 3aKOHO- 
MepHocTu cBi3H Mexkyy A uw F. OgHako cro 
Macjia JaeT JIMHeMHY!O 3aBHCHMOCTb MexK]y 
9THMM TapaMeTpaMH C TaHTeHCOM yrula, OH3- 
KHM K TaKOBOMY Y OpoH3bl. OnpejemeHHaa 
aHOMaJIHA HaOwOsaeTcA y asiomHHus (0), Aa KOTOpOroO aOcouOTHbIe 3Haye- 
HHA JeopMallHH C MaCJIOM BBIlle, YM B ero OTCYTCTBHE. 

Ha puc. 4 A mpuBeleHo mpuMepHoe pacnosoxeHue mpsampix A — F aaa 
H€KOTOPbIX MaTepHaJIOB TIpH TpeHuuH Oe3 cmMa3KH. Kak BuAHO U3 rpaduKos, 
nopAAOK HapacTaHuA JetopmallMu COoTBeTCTBYeT NOPALKY YORIBaHHA MOA yer 
yup yrocru. 
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PAC. Sat CraibyVs816 = Opou3a OLIC-6-6-3, @ — TeKcTomuT, e— uyrynH CU-15 -32, 
Al — amomunuit An-1. 1 — 6e3 cmasku, 2 — B NpHCyTCTBHH Macwa 


Puc. 4 B unsmocrpupyer 3sapucumoctp A — F ana Pa3JIMUHBIX Macey IPH 
TpeHHH Napbl CTaib — cramb. J\a rpynmbl MHHepabHbIX Mace aGbcomOTHOe 
3HayeHHe JecopMallun pu OnpedeeHHbIX 3HaueHHAX F ymeHbuIaeTca mo mMepe 
Bo3pacTaHuA BASKOCTH. KacTopoBoe Mac.1o, O6slaqatollee, KaK H3BeCTHO, Ma- 
JIOH |BASKOCTbIO, HO BbICOKOH MOBEPXHOCTHOM AKTHBHOCTbIO, JaeT 3amerTHoe 
ymeHbiuleHwe A. Ymenbilenne ecbopmaluu B noc1eqHeM cly¥ae MOXKHO OObSAC- 
HHTb 9apekTom PeOunsepa, conyTcTBYIOUlMM BbICOKOaKTHBHBIM MacJlaM (7) 
AncopOunonHoe M1acTHpulupoBanNe MOBepXHOCTHOTO COM MeTamIa B 30He 
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€ MaCJIa 3aBHCHT OT IIPHpObl Co- 


iyeHHe lpeACTaBsIAeT aJIKOMHHHH, y 
OTOPOrO MAaCJIO BbI3bIBaeT, YBEIMUe= 
Hue espopMalluu, HeECMOTPA Ha YMeHb- 
WeHHe Kos*ulluenTa TpeHHs. 

| 3) Tina Hecma3aHHbIxX MOBepXxHo- 
cTeH cTemeHb HapacTanHua Jedopma- 
UHH C YBeJIMYeHHEM CHJIbI TPeHHs 
BA3aHa C MOJYIAMH ympyrocru. 
4) Jind MuHepasbHbIx Macesl mpH 
TPeHUuH cTaNM Mo cTamH aOcomoTHaA 
BeIHUHHA JepopMalluuy np 3aqaHHou 
cule TPeCHHA YMeHbIUaeTCA C yBeJIH- 
yeHHeM BA3KOCTH Macuia. Ilo u3Me- 
HeEHHIO JedopMallHH BOSMOXKHO CyAUTb 
06 U3MeHeHHH CHJIbI TPeHHA BHYTPH 
CJIOA B 3aBHCHMOCTH OT BSA3KOCTH. 
5) YmeubileHve Jesopmalluu mpu 


IPpAXKEHHbIX MOBepxXHocTeH. McKui0- 


AeqpopmMauur pu Ba-: 


aHeCeHHA MaCJla OCTaBJIAeT Ha JOO ypyro WedopMalluy B MecTe HakJIeHKU 
JTeH3OMETPOB H€3HAUHTCIbHY!IO “aCTb CHJIbl TpeHHA. 

5. TakuM o6pa30M ycTaHOBJIeHO, 4TO: 

1) IIpu Tpexun ckobxKeHHA HaGwlOJaloTca yupyrve Aedopmaluu, pacnpo- 
TpaHAoulMecA Ha 3HAUHTeJIbHyIO OOaCTb BHe KOHTAKTA€. 

2) Jina OombUIMHCTBa MCMbITAHHbIX MaTepHasIOB CMa3Ka CHwKaeT Wesopma- 
wI0 10 aOcoOuOTHOMY 3Ha4eHHIO H CHa TPeHHA BHYTPH COA OAHOrO u TOrO 


real 


Aegmopmauua ——=— 
i 


ee eee eee 


Cuna mpeHia ——~ ile te ead a ed iam 
Cuna. mpenuA 
Puc. 4. A —Tpenwe 6e3 cma3Ku: / —cTasib 
(E21 108s SK /ENe) n= OP OHS ane si = 


=0,9-108 kI’/cm?), 3 —amomunnn (E— 0,7-108 

KI'/cm 2), 4— TexctomuT (E= 0,06-10° kT/cm?). 

5B —Tpeune mappl cTaib — cTaib: J — Bepe- 

TeHHoe Macuio 2, 2 — aptou 10, 3 — aston 18, 
4 — MC 20, 5 — kacToposBoe Macao 


HaHeEC€HHH BbICOKOAKTHBHOrO KAaCTOpoBorO Macwa, OONaatollero MaJIOH BA3- 
kKocTbIO, OObACHAeTCA adpexTom PeG6uryepa — afcopOWHOHHbIM muacTHpulu- 
POBaHHeM TOHKOFO MOBepXHOCTHOrO CJIOA MeTawa. 


OjecckuH NomHTexXHHUeCKHH 
HHCTHTYT 


Tlocrynuo 
20 V 1959 
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Jloxxanm Axagemunu nayx CCCP 
1959. Tom 128, Ne 5 


TEXHHYECKAA ®H3HKe 


yl. C. KAMEHELLKAS, 9. 1. PAXMAHOBA, E. 3. CNEKTOP wu B. H. WIMPAEB 


O MEXAHH3ME BJIMAHHA AJIKOMHHHA 
HA KPHCTAJIJIM3ALLHIO JKEJIESA | 
| 


(ITpedcmaeaeno akademuxom I. B. Kypowmoeoim 19 II 1959) 


Kak H3BeCTHO, aJIKOMHMHHH WHPOKO IIPHMeHAeTCA KaK PACKHCJIHTeIb, KOTO: 
PbIHt OJHOBPeMeHHO H3MebUaeT 3ePHO JHTOH cTamH. Uallle Bcero H3MeJIbUeHHE 
3epHa aJIOMHHHeM OObACHAIOT OOpasoBaHveM YacTH, Al2O; HM HHTPHAOB asio- 
MHHHA, KOTOPbIe MOFyT CJy2KHTb WeHTpaMu KpHcTasmH3salun (*). Bo MHorHx 
pa6otTax OplvIo NOKa3aHO, YTO YyXKepoOHble YaCTHIUbI MOFyT CTaTb WeEHTPaMH KPH: 
CTaWJIM3alH TOJIbKO B pe3yJIbTaTe aKTHBAWHH — MOCe 3aKPHCTaJVIM30BaHHs 
B KOHTaKTe C JaHHbIM BellecTBoM (7). Kpome Toro, HccieqOBaHHe KHHETHKH OO- 
pasoBaHHA BTOPHYHOTO ayCTeHHTa B CTaJIH TOBOPHT O TOM, YTO aJIIOMHHHE 
MOXeT OKAa3bIBaTb BJIMAHHeE Ha OOPa3s0BaHHe WeHTPOB KPHCTAaJNM3alun HU Kak 
pacTBOpuMoe BelllecTBo (°). 

B pa6ote (4) 6bl0 NMOKa3aHO, YTO aJIOMHHHM M3MesIbYaeT 3eEPHO yrvlepodn- 
CTOH CTaJIH, IPH¥eM BeJIH4NHA 3epHa He 3aBHCHT OT NpeABapuTeJbHOrO Neperpe- 
Ba %KHJKOrO MeTaJlJla, YTO ABJIA€TCA KOCBCHHbIM IIPH3HAKOM OTCYTCTBHA BJIHA- 
HHA AKTHBHbIX HePaCTBOPHMbIX YacTHlL. 

Hactosljan paOota NocBALeHa BbIACHeHHIO M€XaHH3Ma BJIMAHHA aJIIOMH- 
HHA Ha 3apox%*KJeHve WeHTPOB KPHCTaIM3aluH. 

JA Metassia He CyUecTByeT MeTOAHKH, KOTOPadA NO3BOHIAa Obl MOACUMTATE 
YHCJIO WeHTPOB, BOSHHKAIOWHX MPH KPHCTalIu3aluu. ITO OObACHHeTCA HE 
TOJIbKO TEM, YTO MeTaJIJI HeMpOspaueH, HO HM TEM, YTO CKOPOCTb pocTa MeTaJIJIH- 
YeCKHX KPHCTAJIJIOB OObIUHO OYEHb BEJIHKA, H Pas BO3HHKIWHH WeHTp KpHCcTas- 
H3alHH ObIcCTpo pa3spacraerca. 

CBovcTBOM, KOTOPOe MOET ObITh HCMOIb3O0BaHO JIA XApaKTePHCTHKH CKO- 
PpOCTH 3apOXxXAeHHA IWeHTPOB KPHCTAJJIM3alMHH, MOXKET CJYXKUTb CKJIOHHOCTE 
*%KHAKOCTH K MepeoxviaxkeHuio. Ec 3apoxkenve WeHTpa KpHCTamMsallun 
B @HHOK *KHAKOCTH 3aTpyAHeHO, padoTa OOpa3s0BaHuA OyeT BEIHKAa H XKUAKOCTS 
OyeT Mepeoxsma%KLaTbcA MO HH3KMX TemMepaTyp, T. e. y Hee Oyler OombuasA 
CKJIOHHOCTb K lepeoxwarkeHuto. Ecu %e WeHTp KPHCTalIM3alluu B WaHHOH 
*%KHJLKOCTH BOSHHKaeT sJlerko, paOoTa oOpa3s0BaHHA WeHTpa KpUCTaIIH3aluH 
OymeT Masia H XuAKOCTh OyeT nepeoxsaxKaTbcH He3HayUTeJIbHO. 

Hismepaad BeIMYHHY NepeoxsaxkeCHHA XHAKOCTH Mbl MOMKEM OMpelesuTh, 
KaKHe (PakTOPbI BJIHAIOT Ha 3apO*KeCHHe WEHTPOB KPHCTAaJIM3alMN UM BbIACHUTb 
XapakTep 9TOrO BJMAHUA. 

IIpuH ompeqeneHuu mepeoxiaxkeHuA pacnaBa BeCbMa BaxKHO MPHMeHATb 
Taky!0 MeTOAMKY, Ip KOTOPOH UCKMIOVaNOCh Obl BOSLEliCTBUe H3MePHTebHOFO 
mpHOopa Ha mpollecc kKpucTauiusaltun. Bmecro oObl4HO MpHMeHseMbIX JIA 
H3MepeHHA TeMIepaTypbl paciviaBa TepMONap Norpy2keHuA B Haleli paOote 
IIPHMe€HeH IBeTOBOH 9/IeKTPOHHBIM nHpomerp L[SII-2M. Sror nupomerp sBaset- 
CA ObICTPOeHCTBYIOWIMM PerucTPpHPyIOULHM UpHOopoM, H3MepsAIOUUM IIBeETOBY10 
TeMiepaTypy MOBepXHOCTH MeTaJna (IpHOop ycpeuseT Temnepatypy noulaz- 
KM MOBe€PXHOCTH MeTaJlIa JMamMeTpomM ~ 15 mm). 

CnelwuaJIbHbIMH ONbITAMH MO BbIepKHBAHHIO AKUAKOTO MeTasa B mepeox- 
J@KACHHOM COCTOAHHH OblvIO YCTaHOBJIeHO, YTO H3MepsAeMad TeMnepaTypa m0- 
BePXHOCTH COOTBETCTByeT TemiepaType B OObemMe XKHAKOTO MeTasua. 

IliaBku MpoBO,HMCb B BaKYYMHOM BbICOKOYACTOTHOM New B THTMAX u3 
OKHCH aJIIOMHHHA eMKOCTbIO 200—500 r. B KaxkJOM onbiTe HCNOMb30BaICA HO- 
BbIH THTeIb JIA MpeAOTBPalleHHA BOSMOXKHOH aKTHBAallMN CTeHOK Tura. CKO- 
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DCTb OXMaKeHHA KoMeOaacb oT | Qo 7° B cekyHAy. Uccneqopanoch *Kenes0 

aMoro BoccTaHoBjeHHaA (99,86%) nu 9aeKTpomuTHYecKoe (99,94%). 

B uspecTHoH padote (°) MakcHMabHOe mepeoxsmaxkeHne %*Kee3a cocraB- 
ano 258°. B pa6ote (°) MajleHbKue YaCTHIbI %Kee3a MepeoxaxKlauch JO 
5°. Ilo HaluHM JaHHbIM nepeoxsaxeHne %Keesa Opwi0 OKO 270°. Ilo ycr- 
omy cooOlleHHi0 Ovi3seHa 4uCTOe %Keme30 MepeoxsarKTaercA TOXKe MPHMepHo 
a 300°. Bce 9TH uccieqoBaHuA MOKa3bIBaIOT, YTO BCe ABTOPbI Pa3/IHYHbIMH 
YTAMH OCBOOOXKasIHCb OT BIMAHHA Ha 3apo%KeHue WeHTPOB KPUCTasIN3Aa- 
HH AaKTMBHbIX WpumeceH. Bapyzexrotep u BaexkmaH mMHoroKpaTHo meperpe- 
aid Kesle30 H TaKHM OOpasom JoOuBanuch Oomblero ero MepeoxmaxKeHua. 


Puc. 1. Kpuspie oxaxgenua. Unteppan ppeMeHH MexKYy JBYMA NapasieJbHbI- 

MH Jyramu cocTapsasaeT 60 ceK. (oCb BpeMeHH HallpaBvieHa BueBo). TemnepaTypHax 

IuKaJia HeJIMHelHa. a — 4nCTOe xKeTe30, O— KeMe30 C MeTANJIHYeCKHM aJIIOMHHH- 
eM, 6 — Kele30 C NocmeqoBaTebHO BBeseHHEIMH 0,03% Al u 0,38% Fe203 


TepHOal pa3qemHsl MeTasul Ha MesiKHe “YacTHUb! pasMepom oT 10 go 100 p u 
sbIOpal CpeqH HUX UYaCTHIUbI, He COJepxXalilue aAKTHBHbIX MpHMeceH, KOTOPbIe 
formu Obl CNOCOOCTBOBaTb 3apO%xKAeHHIO WeEHTPOB KPHCTaIH3allun, 

B HallMx OMbITaX MbI yYCTPaHHJIM BIIMAHHe MpuMeceH TeM, YTO HCIIO/Ib30Ba- 
IM M€PBOPOHOe 2%Kee3s0, KOTOPOe NO XHMHYECKOMY aHaJIH3y AOCTaTOYHO 4NCTO, 
3 CBOE MpeAbICTOPHH He MepelaB/AOCb HM B CBA3H C STHM He COJepKaO akTu- 
3HPOBAHHBIX YacTH. Bo sBcex 3THX CJIyYaAX pa3JIMYHbIMH MeTOAaMu Obl 
IO YYeHbI OIH3KHe 3HAYCHHA MAKCHMAJIbHOrO MNepeoxaxkKeHHA *Kee3a — 
1opaaKa 300°. 

Ha puc. | a nupuBeseHa THNMUHaA KPHBaA OXaKCHHA YACTOTO *Kevesa, 
3anucaHHasd mpHOopom LISII-2M. MaxcumabHoe nepeoxakeHne *eesa, 
JOCTHTHyTOe B HalliMx onbiTax, cocTaBaer 270—290°. )Kene30 HaxofNs0CE 
3 MepeoOXwaxKCHHOM COCTOAHHM MpHMepHoO 1,5 MMH. HM MOCe AOCTHKeHHA ONpe- 
leMe€HHOTO MepeoxmaKJeHHA ObICTPO 3aKPHCTAJVJIH3OBbIBaIOCb, O YeM CBHJe- 
reIBCTBYeT Pe3KHH MOJbeM TeMMepaTypbl HA KPHBOH WH APKaA BCMbILIKAa, HaOI0- 
jaeMax BH3yaJIbHO. 

Ji MpoBepKH CylecTBy!Ollero MpelcTaBJICHHA O BJIMAHHH aJIIOMHHHA Ha 
3eJIMUHHY 3epHa yepe3s OOpas0BaHHe YaCTHI, OKHCJIOB aJIIOMHHHA Ob Mmpo- 
3C/CHbI CeNyIOWMe ONbITH. B x*Keme30, KPHBaA OXJIaKJeHHA KOTOPOTO HMeAa 
‘akOH 2%Ke XapakTep, 4TO H KpuBaA puc. | a, pa3sMYHbIMH CNOCOOaMH BBOLMJICA 
OHKHH MOpOWOK OKHCH amiomMuHHA. Bo Bcex clyyaAx MepeoxwaxkeHHe KHAKO- 
0 2Kesle3a, COMepxKalllero OKHCJIbI aJIOMHHUA, OCTaBaloch OombWHM. KpyBasx 
)XaKTCHHA B ITOM CIyYae OKAZaAACb BUOMHE AHAOTHYHOM KPHBOH OXNa*K]e- 
IMA UMCTOFO Kele3sa U, CeLOBATeJIbHO, BBeCHHbIe B MeTAJIJI YaCTHIbI OKHCH 
WIOMHHUA He CJLYKHIH WeHTpaMH KPpHcTaJH3allun. 

CopepmieHHo Apyrad KapTHHa HaOsl0Jlaslacb pH BBeJeHHH B Kee30 MeTa- 
IM4ecKoro asioMHHHA. IIpu BBezeHun 0,03%—0,05% Al (cm. puc. | 6) mepe- 
Xa KeCHHe XKHAKOFO Kee3sa pe3KO Maayo JO BeMYHHBI, Je*KalleH B mpeye- 
ax owmMOKH mpHOopa (T. e. < 10°). TlopropHbie nepenmaBbl Hu OombuiMe Mepe- 
PeBbl XKHAKOTO MeTasa, COepxKalliero MoO6aBKH PaCTBOPeHHOrO aJIOMHHHS, 
[@ IIPHBOAWIH K MOABJeHHIO 3amMeTHOTO MepeoxaxzeHuA. M3 srux onbirop 
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BbITeKaJIO, UTO BBeeCHHe MeTAJVIHUeCKOFO AJIIOMHHHA CYWeCTBEHHO oOweruaet 
oOpasoBaHHe WeHTPOB KPHCTaIM3alHH B XKHAKOM XKewese. 

Jia mpoBepkH CeuaHHOTO H3 NpeAbIAyUIMX OMbITOB BbIBOJa O TOM, YTO Ha 
3apO%*KeHve WEHTPOB KPHCTAIH38alHH B X%KHAKOM Kee3e OKA3bIBaeT BJIMAHHE 
MeTaJIJIHYeCKHH aJOMHHHH, a He YaCTHUbI OKMCJIOB HJIM HATPHOB, MbI NPOBeJIM 
culelyroulve onpirhl. B xxee30, KOTOpoe OOHAPyXHBAIO Cosbloe NepeoxaxTe- 
Hue (~ 200°) BBoduacb JoOaBKa aJIIOMHHUA, NpHueM, KaK H paHbllle, Mepeox- 
JlaKeCHHe YMeHbIlaocb JO BeJMUMHbI, KOTOPpylo mpHOop yxe He YJaBMBad 
(<10°). 3arem B 9TO *Kee30, COMepxalllee PACTBOPECHHHIH aJIIOMHHHH, BBOAMICA 
nopowok FezOs (0,1—0,3%), nocme vero mepeoxaxkeHHe 2%Keesa CHOBA BO3- 
pactaio Jo HCXoqHO BemMuMHE! (puc. 1é). 

STH ONbITbI TOBOPAT O TOM, YTO OOPasyrollMecA B pacmaBe B pe3sysbTAaTe 
XHMMYeCKOH peakitun Mexkyy Al u FesOs uactuupi AlzOs, TakxKe He BIMAIOT Ha 
nepeoxwaxKeHHe *Keesa HW, CMCIOBATeIbHO, He ClyKaT WeHTPaMU KPUCTaIIH- 
3alHH. OTH %Ke OMbITHI MOKA3ZbIBAaIOT, YTO BJIMAHHe Ha NepeoxaxKeHHe MKuI- 
KOTO %Kele3a OKA3bIBaeT JelCTBUTEJIbHO PaCTBOPeHHbIH B HEM MeTAaJIJIMYeCKHH 
aJIIOMH HHH. 

OnpiTbl 10 H3MepeHHIO MepeoxsaxKJeHHA %Kee3a Oe3 AoOaBok H C oOaB- 
kamu Al, AleOs, FexOs nopropamucb MHOTOKpaTHO, MPHYeM Pe3YJIbTAaTbl KaxK- 
bli pa3 BOCIPOHM3BOAHJHCh. 

TlapanmebHo C U3MepeHHeM MepeoxsaxKeHuA weslesa WH 2XWemesa Cc MoOaB- 
KAMH aJIIOMHHHA HCCJIeAOBaslaCb MAKPOCTPYKTYyPa CJIMTKOB (MeTAaJIJI BO BCeX CJy- 
yaAX 3AKPHCTaJJIM30BbIBaICA B THIIe). | 

Oxka3aJlocb, 4TO 3arpaA3HeHHOe %*Kee30, He OOHAPyKUBUlee 3aMeTHOFO Tepe- 
OXJIaKJICHHA, HMeeT KPynHoe 3epHO, 4NCTOe Ke *Kere3so OOHAaPyxXuBaroujee 
6ouIbluoe MmepeoxaxKTeHHe, HMeeT Gosee MesmKoe 3epHO. PKeme30 c J06aBKaMu 
aJIKOMHHHAL TOKE HMCET MEJIKOZEPHHCTYIO CTPyKTYPy, HECMOTPHA Ha OTCYTCTBHeE 
3aMeTHOTO NMepeoxaxKeHHA. ; 

CrpykTypa 3arpsa3HeHHOTO >Kele3a onpeleseTcA UYHCOM MOCTOPOHHHX 
yaCTHU, Ha KOTOPbIX MOryT 3apoOx%KaTbcA WeHTPbI KpucTasH3awHN. [locKkomb- 
KY 4HCIO WeHTPOB OFpaHHyeHO, CTPpykKTypa MoyyaeTcA KPyNHOSepHuCcTOH. 
B 4nCTOM Kevlese MPH GOIbIIOM NepeoxaKTeHHH 3apoxRMeHHe LEHTPOB TPOMCXo= 
JWMT BO BCeM OObeME, IPH 9TOM YHCJIO WEHTPOB BeJIHKO HM CTPYKTypa Nowyuaerca 
MeIKO3epHHCTOH. Tak Kak B IIPHCyTCTBHH PaCTBOPeHHOrO aJIOMHHHA, KOTOPbIA 
CnocoOcTByeT 34pOXJeHHIO WeHTPOB KPHCTAaM3alHH 3a CUeT YMeCHbUIeCHHA MO- 
BePXHOCTHOrO HaTAXKeHHA Ha TpaHHle KPHCTAaJIJI — *KUAKOCTb, 3apox*KTeHne B 
OObeEME MOXET MPOHCXOAMTh IPH HESHAYHTEIBHOM NepeoxwaxKeHHU, CTpyKTypa 
*Keslesa Cc WOOaBKaMH aJIIOMHHHA, KPHCTaJJIM3yIOWleroca MpH MasIOM mepe- 
OXJaKJeCHHH, TAK%KEe NOMyuaeTCA MeJIKOZePHHCTON. 

TakuM OOpa30M, MOXHO CYHTATb YCTAHOBJICHHbIM, UYTO aJIIOMHHH, BBO- 
AUMbIM B Keleso, AevicrByeT KaK NOBCPXHOCTHOAKTHBHAaA PacTBOpHMad MpH- 
MeCb, YMeHbIualollad padoTy OOpa30BaHHA WeHTPOB KPHCTaJIM3allHH, aHaso- 
THUHO TOMY Kak JelcTBy!OT PacTBOPHMble NPHMeCH pH KPHCTaH3aluU Opra- 
HMYeCKHX KMAKOCTeH HW JerKONMNaBKHX MeTa0B (7). B nmpucyTcTBHH TakKHx 
MOBEP XHOCTHO-aKTHBHbIX OOaBOK 3apor%*KLeHve WeHTPOB B OObeme pacnmaBa 
MOXeT MPOWCXOUTb IPH NepeOxXaKMeHHAX MCHbIMX YeEM Te, KOTOPbIe HeEOO= 
XOAHMbI JWI 3apO%KAeHHA WEHTPOB Ha MOCTOPOHHHX YacTHLaXx. 

VWuctutyT Metammopusnku Moctynuao 


LlexTpambHoro Hay4HO-HCCeOBAaTeIbCKOFO 22 I 1959 
HHCTHTYTa YePHOH MeTaypruu 
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Joxnayge Arnaygemun nayx CCCP 
1959. Tom 128, Ne 5 


TEXHHYECKAA PH3HKA 


Axayemuk B. J. KY3HELLOB, A. H. CYVPHAUEBA u JI. Tl. POOKKOBA 


BJIAHHHE MAPAMETPOB LHKJIMYECKOH TEPMOOBPABOTKH 
HA MEXAHHYECKHE HW ®A3H4ECKHE CBOMCTBA WAHHKA 


Ilog Tepmuyeckol - ycTamocTbio MpHHATO MOHHMAaTb ABMeHHe, KOra nog 
BJIMAHHEM WHKJIMYCCKHX TeMMepaTYPHbIX HanpsKeHuli, T. e. NO WelicrBuem 
TOBTOPHbIX HarpeBaHHi HW OXJaxKeHuH, MpOHCXOANT pa3spylieHue MaTepuasa. 
OTH NOBTOPHble HarpeBaHHA HW OXAaKTCHHA BbISKIBAIOT Ha NOBEPXHOCTH OOpasila 
TpeUlWHbI, KOTOPble 3aTeM Pa3BUBalOTCA B TvIyOHHy. 

BovJblHHCTBO H3AeHH COBPpeMeHHOHM Te€XHHKH UCIMbITHIBAeT IWMKJIMYeCKHEe 
KoNeOaHHA TemMuepatyphl. IIpu HecTallMOHapHOM TeMNepaTyPHOM pexkume Tem- 
mepaTypa B pa3HbiX TOUKAX JeTaJIM HeOAHHAaKOBAa, BCeCTBHe YerO B ]eTasH 
BOSHHKaIOT TEPMHYECKHE HalpAXKCHHA, KOTOPbIe MPHBOAAT K H3MeHEHHIO pa3-- 
MepoB JleTaJIH HM K Pa3pylIeHuIO MaTepHasa. 

CoppeMeHHble XaPpaKTePHCTHKH M€XaHHYeCKHX CBOHCTB MeTAJIJIOB COBep- 
IW€HHO He YUHTHIBAaIOT OCOOeCHHOCTH HX NOBEEHHA TIpH NMepeMeHHOM BO3JeHcT-- 
BHH TeMnepaTypbl WM HalipAxeHHA. OObIKHOBeHHO BCe HCNbITAHHA MpOBOAATCA 
pH NOCTOAHHOH TemMnepaType, HO 3TH MCMbITAHHA MaleKH OT A€HCTBUTEJIbHBIX, 
Ooulee TAXKEIbIX YCIOBHH padoTH MetasoB. Mcnbiranuli Ha TepMuyecKyloO ycTa- 
NOCTb N0Ka oveHb Mao. Tlonpirka aHrauMlckol WKOVJIbI MeTaJIJIOBeEAOB paspaco- 
TaTb MCTOAMKY CTaHJapTHbIxX UCMbITaHHH Ha TePMHYeCKYy}!O YCTaJIOCTbh NOKa He- 
ala TMOJIOMKUTCIbHbIX Pe3YJIbTATOB. 

Ilepeq mMerasmopeqamMu CTOUT 3aa4a: BbIACHHTb MeXaHH3M TepMH4eCKOl 
ycTasIOCTH, 4UTOObI BecTH OopbOy c 9THM ABeHHeM. Jia BbINCHeHHA MexaHH3Ma 
HeOOXOAMMO CHavasia HaKONUTb OMNbITHBIM MaTepHJI WIA Pa3HbIX ‘MeTAaJJIOB HW 
CIWIaBOB, BbINCHHTb IMNMPHYeCKHe 3aBHCHMOCTH, a 3aATEM CTPOHTb TeEOPHlO Me- 
XaHH3Ma. 

Ji JaHHOrO MeTaJa WIM CNaBa HeOOXOJMMO BbIACHHTb BJIMAHHE Napa- 
MeTPOB IlMKJla: CKOPOCTH HarpeBa HW OXJaKJeCHHA, BPEMCHH BbILepXKKU MPH Mak- 
CHMaJIbHOH HM MMHHMaJIbHOM TeMnepaTypax, BJIMAHHe Pa3sHOCTH TeMMepaTyp,. 
BIMAHHe COpMbI OOpasloB u T. J. 

Han6oubliMi MaTepvasl HakoMeH NO TepMHYeCKOH ycTaJlocTH ypaHa, Tak 
Kak 9TOT MeTaJIJI HMeeT OO/IbUIOe HPHMCHEHHE B ATOMHbIX YCTAHOBKaX, HO H WIA 
ypaHa MexaHu3M TepMHYecKol ycTaOcTH NOKa JO KOHIa He BbIACHeH. OOsop 
mo TepMHyecKoH ycTanocrn ypaHa cyenaiu Unsyuk u Kerman ('). 

V3 padots1 Bousapa u Hosuxka (”) u3BecTHO, YTO WHHK JlaeT acer pocta. 
B JWIMHY HM WupHHy oOpasia, a padoramu Boaca nu XonuKom6a (°) un Kapacaku 
u Vrnama (4) noka3aHO, YTO TEPMOWHKJIMPOBaHhe BbISbIBAeT B WHHKEe CyLlecT- 
BeHHble CTPpyKTyPHble H3MeHeHHA. Ky pABWeBa IPH M€XaHH4eCKHX MCIbITAaHHAX 
IHHKa B OOJIACTH MOBbIIMeHHbIX TemnepaTyp HaOlOfasa CyllecTBeHHbIe H3MeCHe- 
HWA 10 rpaHwullaM 3epeH. ; 

Hacrosujad pa6oTa nmocBxllieHa H3yYeHHIO BJIMAHHA NapaMeTpoB WHKJI- 
yecKOH TepMOOOpaOOTKH Ha HeKOTOpble MeXaHHyecKHe H (PUSHYeCKHe CBOHCTBA 
wuHKa (99,95% unctoTh). B KayecTBe XapaKTePpHCTHK M3MeCHeEHHA MeXaHH- 
UeCKHX CBOHCTB HaMH BbIOPaHbl BPCMeHHOE COMPOTHBJIEHHe Op, H OTHOCHTCJIbHOe 
yuiMHeHue 6. B KauecTBe Mepbl H3MeHEHHA (PU3SHUCCKHX CBOHCTB IPHHATO y/euIb- 
HOe 3JIEKTPOCOMPOTHBJICHHE p. 
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OcHospiBasch Ha JaHHpx Boaca u XonuKom6a (°) o Tom, uTo: |) BO3HHKalo- 
que TepMHYecKHe HampsaxKeHHA MpAMO MPONOPIWMOHAIbHEI TeMNepaTyPHOMY 
uHTepBasly; 2) HarpeB OTBeETCTBEHeCH 3a OdJIbLIyIO YacTb jecbopMalluv, BO3- 
HUKalolleH B pe3yJIbTaTe TepMOIMMKMPOBaHUA, Mbl H3MCHAJIM MaKCHMAJIbHbIe 
TemMMepaTypbl WHKMpOBaHHA Tyaxc WH BPeCMA BbIep%KKH MPH MaKCHMAaJIbHOU 
TemmlepaType T. j 

Ballo BbIOpaHO uerTbIpe pexKHMa TePMOLHKJIMPOBaHHA: I — Twaxe = 1308 
c= |] mune? I— Trane = 250°, c= 1 manj dIL-T ace 250°, t= 3 MHH® 
IV —Tyraxe = 300°, t= 3%mnn. OxnaxkgeHve Bo Bcex CuJydadxX B Bowe MpH 
Temnepatype 10° B TeyeHne | MHH. F 

_ Ucneiradua MpoBosusiucb Ha MpOBOJIOUHbIX o6pasuax AHHOH 100 MM u Ma- 
MeTpom 1,0 mm. Ilepeq ucnbIraHHeM BCe oOpasubl oTKUTatucb upH 100° B 
Teyenne | uaca. Tpynna o6paslos, MpeyHasHaveHHbIx MIA MeTammorpaduue- 
KOFO “CCeOBaHHA, Moce OTKHTA NOMMPOBaaCb 3IEKTPOMMTHYCCKUM CIIO- 


(OM*CM) «19% 


Puc. 1. SaBucuMocTb yeJbHOTO dJleKTpo- Puc. 2, S3aBHcuMocTb BPeMeHHOTO CO- 
CONPOTHBJIEHHA p OT YMCA WHKIOB n, | — MPOTHBJICHHA 6, OT YMCA NMKAOB Nn. 
T taxe= 180°, t= 1 Mans JI —T = O6os4aueHuA KpHBEIX cM. puc. 4 

ee HAG OM ee ae ; ats  * ° 

= 200°, t== 1 mun; JI] —Ty ne = 250°, 

t=3 muH.; I[V—T = 300°, t =3 mun- 


MaKC 


co60om B 50% BoJHOM pacTBope optodoctopHol KHCMOTHI NO pexkHMY, Mpedo- 
xxeHHomy JI. A. Kyypssuesoli. Harpes npu 130° nponsBoquica B MacIAHOH 
BaHHe, mpu 250 u 300° B comaHOH BaHHe. 

Pacra»keHue OOpa3lloB, MOABepraeMbIX TeEPMOLMKJIMPOBaHHIO, MpOu3BOLu- 
locb Ha MauiMHe Lonepa. Pasmephi o6pa3iloB H3MepsAIHCb Ha YHHBepCaJIbHOM 
MHCTPYMeHTaJIbHOM MuKpockonle YMM-21. OrHocuTesmbHoe yIMHeHue ONpesemsa- 
JIOCb pH padoveh AuHe OOpasioB 70 MM. D1eKTPOCOMPOTHBJIeHHe H3MEPAJIOCb 
‘€ MOMOWbIO ABoKHOrO Mocta. Mecnprranua no II, II] u IV pexumam 3aKkanunBa- 
JIMCb, KOra OOMbIIMHCTBO OOpa3llOB CAMOMPOK3BOJIbHO paspyllasocb. 

Kak nokaspiBaior KpuBple / (puc. 1, 2 u 3), TepMOWMKMpoBaHue B TemMepa- 
TYPHOM uHTepBaue OT 130 Zo 10° c BEIep2xxKOH 1 MuH. mpu 130° He BeyeT K H3- 
MeHeHHIO HCCJICNyeMbIX XaPaKTePHCTHK BOIOTb Jo 175 wWHK0B. 

TloppiueHHe MaKCHM@JIbHOH TemnepaTypbI Wuksa To 250° c Tot Ke BbIepx- 
KOH B 1 MHH. MPHBeIO K Pe3KOMY CHH2KCHHIO M€X@HHYeCKHX CBOHCTB WHHKa 
MK pocTy yeIbHOrO SeEKTPOCONpOTHBeHHA (KpuBble // puc. 1, 2 u 3). Pocr p 
B pe3yJIbTaTe Tep MOWMK IH poBaHHaA no I] pexumy 3ameTeH ye Mocse 40 WHKsOB, 
a mocne 250 WHKIOB MpHpocT yeIbHOrO 3/IEKTPOCOMPOTHBAeCHHA COCTAaB- 
asset 12%, 

C yBeJIHYeHHeM BpPeMeHH BbiepxKKu oT | Jo 3 MMH. MPH MaKCHMaJIbHOL 
Temnepatype Wnksa 250° KpHBaa yebHOrO 3CKTPOCONPOTHBJIeHHA CMeLLaeT- 
A B CTOPOHY Oosee BEICOKHX 3Ha4¥eHHH p. Ha pune. | kpuBas JJ] uger nourn na- 
pamembHo KpuBok //. Yxxe nocne 25 WNKNOB MpApocT yAebHOrO 31eKTpoconpo- 
THBJICHUA B Pe3yJIbTAaTe TEPMOWMKMHpoBaHuA NO II] pexumy cocraBsAeT OKO- 
no 1,5%, Tora Kak mp TepMouwMKIMpoBaHun no II pexumy noce Toro xe 
UNCIa WHKJIOB HHKaKOrO H3MeHeHHA p He OOHapy>KeHo. 
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Henpiranua mp Tyaxc = 300°, t = 3 mnu. (IV pexkum) Opin mpeKpallexbi 
noce 12 WHKIOB BCIeEACTBHe paspylleHHA OOPaslloB, YTO COMPOBOX*Laocb 
pe3KHM MOBbILIeHHeM yeIbHOrO SueKTpoconpoTuBseHua (pune. 1, /V). 

Merasiorpatuyeckoe MCCIeqoBaHHe MOKa3aN0, UTO MpH TepMOILMKsMpoOBa- 
Huu 0 II pexumy y2xXe nocme OfHOrO UnKIa Ha NOMMpoBaHHOl NOBepXHOCTH 
OOpasiloB NpoABIAIOTCA rpaHulpl 3epen. Iloce 5 WukKNOB B OTACIbHbIX 3epHax 
MOABJIAIOTCH JIMHHM CKOJIbKeHHA. Ilo Mepe yBeiMYeHHA YHCMa UMKMOB pacTeT 
KaK 4HCJIO JIMHHH CKOJIbKCHHA B OTACIbHOM 3ePHe, TaK HM YHCJIO 3ePeH, B KOTO- 
|pbIX MMeIOT MeCTO JIHHHM CKObxKeHUuA. Tlocne mpumepHo 70 WakKNOR HaOw0f,a- 
\Jlacb cyOcTpykTypa, pocT 3epHa u Cc 
| JauIbHelinaM YBeJIH4eHHeM UMKJIOB — % 
{3HaYHTeIbHOe §=©©pacliinpeHue rpaHull a 
{3epeH. j 
IIpu TepMounkaupoBaHun no III pe- 
J2KUMY JIMHHH CKOJIbxKCHHA B 3EPHaX He 20 
OsWI0 OOHapyxeHo. Yxe mocme mep- 


<a 
BbIX ILHKJIOB HaOw0aslocb paclliupeHnue 
rpaHul 3epeH HW NO Mepe yBeJIH4eHHA o w 8. 120. 160 
yHCIa WHKJIOB OHH MpHoOperamu Bus A : 


|WIMPpOKHX TeMHbIX yruyOneHui. 

VMimeroulee mecto najeHue BPeMeH- Puc. 3. 3aBHCMMOCTb OTHOCTeJIbHOrO YAIH- 
HOrO COMPOTHBJIeHHA HM OTHOCHTebHOTO HeHHA 5 OT UHCa WHKJIOB fn. Sa 
| eee pH TepMOWMKMHPOBaHHH oe ee 
‘mo II pexkumy, a Take pocT yJleb- 

‘Horo 9lekTpoconpoTuBueHuaA mo II, Il] u IV pexuMam MbI cBA3bIRaeM C Ha- 
'OOaeMbIM paclIMpeHHem rpaHul, 3epeH. Ilo-BuuMoMy, B pe3ybTAaTe LWHK- 
‘JivueckoH TepMooOpaOoTKH pa3pylieHHe WHHKa HOCHT XapaKTep Me@XKPHCTaJ- 
\TMTHOTO pacTpeckuBaHHA. PacwiupeHue rpaHHl, ObliIo OOHapyxxeHO B IWHHKe 
‘4 pH TepMolunKIMpoBaHHH no I pexumy, HO mulIb Nocse ~ 100 WHKOB. 
B OCHOBHOM CTPyKTYPHble H3Me€HCHHA BbIPaKasIMCb B NOABJICHHH JIMHHH CKOJIb- 
“OKeHHA B 3ePHaxX HM MMIpalluH rpaHull. 

Ham kKaKeTcaA OU¥eCBHAHBIM, YTO Oomee WINTebHaA WHKMIMYeCKaA TepMoO- 
oOpadorKa no I pexumy NpuBeser K H3MCHEHHIO Og, 9 H 9, AHaJIOTMYHOMY H3- 
‘MeHeHHIO pH TepMoWuKIMpoBaHuu No I] pexkumy. 

Mot Bugum, uto: |) yBemm“4eHHe MaKCHMaJIbHOH TemnepaTypbl WuKs1a oT 130 
‘Qo 250° c BbiepxKKoH Mpu 3THX TeMMepaTypax B 1 MHH. BeseT K Ppe3KOMY CHH- 
%KCHHIO MPOUHOCTH UM MWaCTHUHOCTH WHHKa; 2) MOBbILWeHHe MaKCHMaJIbHOH TeM- 
JepaTypbl WHKa H YBeIMYeHHe BPeCMeHH BbIepRKKU MPH He MevicTByWT B OJ- 
HOM HalpaBJIeHHH: YBeIHUMBAIOT YJleJIbHOe DJICEKTPOCONMPOTHBJIeHHe WHHKa H 
YMeHbIIaIOT YHCO WHKJIOB JO paspylWieHHA OOpa3los. 


CuOupckui cbu3HKO-TeXHHueCKHH MHCTHTYT Iocrynuso 
pH TOMCKOM rocyjapCcTBeHHOM yHHBepcHTete 7 Vil 1959 
um. B. B. Kyii6pnuepa 
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Jloxnayp AkaweMun Hayk Coc ye 
1959. Tom 128, Ni 5 


TEXHHYECKAH PH3ZHKAS 


H. JI. MOPrYJIMC, 10. Fr. NTYWIAMHCKUH u B. A. 4UYHKOB 


HEKOTOPbIE OCOBEHHOCTH MAPILMAJIbBHOM AJCOPBLIMM 
KOMMOHEHTOB OCTATOUHbBIX FA3OB 
NPH OYEHb BbICOKOM BAKYYME 


(ITpedcmaeaeno axademuxom H. B. O6peumoeeim 27 ITI 1959) 


B uactosilel padoTre MbI HCCIeJOBaIH aJCOpOWHOHHbIe CBOHCTBa «ecTecT- 
BeCHHOL» CMCCH OCTATOUHBIX Ta30B, KOTOPbIe HaXOAATCA OObIYHO B BbICOKOBa- 
KYYMHBIX SJIeKTPOHHbIX mpHOopax. IIpu STOM MbI NOJIb3OBaJINCb MaCC-CICKTPO- 
MeTpHYecKOH ycTaHOBKOli, mpeqHasHayeHHOH JIA MCCeOBaHHH B OONACTH 
BbICOKOBaKYYMHBbIX Npoleccow (1), KOTOPpasd CyWeCTBeHHO YCOBePlIeHCTBOBaHa 
HaMH B mocwieqHee BpeMsA. 

B ucnosb30BaHHOH B paOoTe Macc-CiekTpOMeTpHYecKOH TpyOKe-aHasn3a- 
Tope B OOacTH ee HOHHOFO HCTOYHNKA HMeaCh JVIMHHaA BOb~paMoBad JieHTA. 
Tpy6ka Obiia IWesIbHOCTeKJAHHOH, OTMAAHHOH, C aBJICEHHeM OCTATOUHBIX Tra- 
308 p= 1-10 * mm (no coeqHHeHHOMy c TpyOKOoH MaHometpy AsbneprTa). 
BoubcdpaMoBasl JI€CHTa SABIANaCb MOJIOK- 


10000 i . ; 

! KOH, Ha MOBePXHOCTH KOTOPOH Mpoucxo- 
pee Ansa akcopOuuA HCCeOBAaHHbIX HAMK KOM- 
| 100 NOHEHTOB OCTaTOUHBIX ra30B. Macc-cnekTp 

0 { nOcJIeHAX MWpescTaByleH CXeMaTHUeCKH 


Ha puc. | B BHe CNVJIOWHbIX BepTHKaJIb- 

i 2 6 & 15 1 2 G6 of “bIX MpsaAmbix. Ha sToM pucyHKe JIMHHU 

{ee ¢ m=35 nm = 37 oTHocaTea K Clanciosm 

Soe HAKOM KOTOPOrO ABHVJIMCb, OUCBHHO, HeH3- 

p OexkHble NIPHMecH K HaxXOJMBWIeHCA BTpyOKe 

okncn Oapus (*), cary2KUBUWeli HaM AIA Apy- 

roH leu; JMHHH Cc m= 16 H m=28 OTHOCATCA, NO-BHAMMOMYy, B OCHOBHOM K 

CH, u Ne, a muHHuH Cm = 14 4 m = 15 — k ux OCKONKaM, HT. A. Cua nOH- 
Horo TOKa JB KaxKOM MMKe Macc-CMekTporpamMpbl puc. | 


Im = APm Vms (1) 


re Pm UW Ym — COOTBETCTBEHHO NaplvasbHoe LaBIeHHe WH NOMepeyHHK HOHU3A- 
HH KOMNOHeEHTa C maccoH m. 

Jlia uccieqoBaHuA MHTepecylollero Hac BOMpOca HCHOJIb30BaH U3BeCTHbI 
MeTOA BCMbILKH (7), BNepBble PasfeJeHHbIi Macc-cMeKTPOMeTpHueCcKH 10 OT- 
A@JIbHbIM Ta30BbIM KOMNOHEHTAaM CMeCH OCTATOUHBIX ra3so0B. C sToH Wembio, noc- 
Ji@ BbICOKOTeMNepaTyPHOH OUMCTKH BOAbpaMoOBol JICHTHI, OHA Oba OXsaKTe- 
Ha 2O KOMHaTHOM TemnepaTypbl, IPH KOTOPOl BO3SMOXHA alcopOuuA Ha Heit 
cMecH ocTaTOUHEIX rasos. Tloce 30-MuHyTHOH 9KCNO3HUHM BOsb:paMoBas eH- 
Ta OblJIa KPaTKOBPeMeHHO HakavieHa NO BbICOKOM TemmepatypbI; AecopOupoBaH- 
HbI€ MPH 9TOM C Hee Tasbl CO3LasIM KPaTKOBPeMEHHY!0 BCIIbILMKY — NOBbIWeHHe 
aBJeHHA, HOHM3ANMOHHbI oTcueT KoTOporo A/,, NO OTAeIbHbIM KOMNOHeHTaM 
MbI 3aperucTpupoBatn. IlonyyeHupie TakHM MyTeM 3HayeHna AJ mpeycTaB- 
JleHbI Ha pc. | MyHKTHpPHbIMH OTpeskamu upsxMbIx. He npuBoya nox_poOxoro 
aHasiu3a STOTO BeCbMa CO%KHOrO Clyyad acopOlHuU cmecu ra30B, yKaxkem, 
4TO M3 aHHbIX puc. | MoxeT ObITb ONpPedeneHa CpaBHUTebHaA CTeNeHS alcop6- 
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uu Al //,, KaxKMOTO 3 KOMMOHEHTOB STO CMeCH, KOTOPad NponoplMoHalb— 
Ha ero cpeHeH BeposATHOCTH KOHZeHCaunH f/m: 


Al BN _ 
a Fs = oes (2) 
m Pm Im 

qe N,, — oOulee KomMYeCTBO acop6upoBaHHoro 3a yKa3aHHOe BpPeMA rasa. 


a ocHoBaHHH (2) u3 puc. | cnedyer nHTepecHbiii BbIBOL, 4TO 


Rm (He) =0; Rm(He) = Rm (Ne). (3) 


Jlna Oosee noxpobHoro BbISCHeHHA OCOOeHHOCTH afcop6unH KaxKoro us 
a30BbIX KOMIIOHEHTOB STOH CMeCH OblWIH ONpeeJIeHbl CKOPOCTH UX Naplnalb— 


Alp, Blog 3-10 A 
AI*3: 10M 4, 


EST 10 20 mur. 


Pre. 2 


HOH afcopOunH NyTeM H3MepeHHs 3aBucuMocTH BesHUHHbI Al, oT BpemeHu ¢ 
‘TpelBapuTebHOH SKCNO3HUMH alcopOWnH. OTa 3aBHCHMOCTb JIA ByX OCHOB- 
-HbIX Fa30BbIX KOMMOHeEHTOB He u No npesctaBena Ha puc. 2. 3yecb Ke IA CpaB- 

HeHua lpHBeweHa 3aBHcumocTb A/ Asx CyMMapHOH BCMBbIIIKH MO BCeM ra3saM 
'B HOHHOM HCTOUHUKE. CkxopocTb HapacTaHusd nocieqHel nolrBepxyaer (8), 
-4TO CyMMapHoe JaBuleHve Tra30B p’ ~ 1-10°§ mm. B cBa3n c TeM, YTO B HadaJIb= 
HoH uacCTH KPHBbIX puc. 2 


| HIN 


di |, = A yRomPmGm a A,Roml m, (4) 


\ / 


MOXKHO H3 pre. | u 2 OWeHHTb COOTHOMeHHE HavaJIbHbIX — H€NCKaKeHHBIX 
3HaueHHHi MaplluaJIbHbIX BePOATHOCTeH KOHTEHCAHH Rom; B COOTBETCTBHN C (3), 
M 3ecb MbI MOMyYaeM Rom (H,.) ~Rom(No). Kpome toro, xof| KpHBBIX puc. 2 
nokaspipaeT, 4YTO apcopOuna H, u Nz uperT napaswiembHO HM HeE3aBHCHMO Apyr 
oT wpyra. 

Moxkuo jeTasibHee paccMOTpeTb KapTHHY Aecop6uuu KOMNOHEeHTOB Heu Ne c 
BOJb(paMma Nocwe OUCH AWINTEIbHOH SKCNO3SHUMH NocelHero B aTMocdepe ocTa- 
TOUHBIX Ta30B, MYyTeM HCNOb30BaHHA KaYeCTBCHHOM TeMMepaTypHOH pa3sBepT- 
Kv ee BO BpemeHu (7). Takum myTem (cm. puc. 2 A) o6napyxuBaeTca MHOrodas- 
HOCTh ajcopOuHoHHOoro coctosHua Hy u No Ha Bombipame, 4TO JemaeT STO 
ABJICHHE ellie Oomee CJIOMKHBIM. 

Ha pune. 3 mpuBexeHb! xXapakTepHCTHKM MapllHanbHOTO acopOmHOHHOTO 
CBA3bIBAHHA KOTKaYKM» TasOBbIX KOMNOHeEHTOB He u Ne u3 CMeCH OCTATOUHbIX 
ra30B mocvle TOrO, Kak BOJIb:pamoBasd JeHTAa OblIa OUMLWLEHa OT HUX MYTEM BBICO- 
KOTeMMepaTyPHOH BCHBILIKH HM 3aTeM CHOBa OxaxKeHa. Ha Bpems paOorTbl 3TO- 
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TO JOMOMHHTebHOTO OTKAYHBAaIOWero MeXaHH3Ma JlaBeHHe B OOwAaCTH er 
HelicTBus — BOuIb(ppaMOBOH MeHTbl M HOHHOrO MCTOUHHKA — NOHH*KAaOCh MPO 
THB HavabHoro HW KOHeYHOrO (cucTema c «6ydepom»). OueBHHO, 4YTO KPHBBI 
puc. 2 u 3 B3aHMHO CBA3aHbI, TaK KaK KPHBbie PHC. 2 ABJISIOTCA KaYCCTBCHH( 
MHTerpaJIbHbIMH MO OTHOWIeCHHIO K KPHBbIM puc. 3. Kpome Toro HHTepeCHO OT 
MeTHTb, 4TO XOX KpHBOH Aa Nz 13 CMeCH OCTAaTOUHBIX Ta30B 10 pc. 3 OsM3KC 
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cooTBercTByeT MOyYeHHOMy B (?) xoqy KpHBOH Aa Ynctoro Nz Ha Mo npu 
p = 1,8-10~° mm. V3 puc. 3 MoxKHO ONMpeeIHTh NaplMasIbHyIO CKOPOCTb aJ- 
COpOWUMOHHOH OTKaYKH Bm HM OTCIONa, HalpuMep, MapWwasbHy!lO BePpOATHOCTh 
KOHJeCHCallMA Rm WIA KaxKOrO 43 KOMNOHeHTOB. M3 Takoro paccMOTpeHHA cye- 
AyeT, HampuMep, 4TO B OGMACTH HHKHeTO TOPH3OHTaIbHOrO y4acTKa KPHBbIX 
puc. 3 BeHYHHbI Bm H Rm ABJIAIOTCA NOCTOAHHDIMH H T. J. 

MccameqoBpanue 3TOrO BoMpoca HaMH MpodoupKaerca. 


Uncrutyt busuKku Iloctynuno 
Axayemun Hayk YCCP 16 III 1959 


WHTHPOBAHHASH JIUTEPATYPA 
1.T.. Iu wy ¢, M3s..AH CCCP, cep. pus., 20, 1085 (1956). 7 D. Hfa’gst rum, Rew 


fu 


‘Sci. Instr.,.24, 1135 (1953); J. Becker,C. Har.t mann, J: Phys. Chem., 57, 153 (95a 
‘H. Mopry auc, KT®, 25, 1667 (1955); G. Ehrlich, J. Phys. Chem.,60, 1388 (1956) 


Noraagn Akagemun nayx CCCP 
1959. Tom 128, Ne 5 


TEXHHYECKAS PH3HK & 


C. T. PEXOTOB u B. C. MAXEEB 


O BSAHMMOCBA3SH MEXK]LY TBEPJOCTbIO HA BJABJINBAHHE 
KW MOY JIEM HOPMAJIBHOH YNPYFOCTH THTAHOBbIX CNJIABOB 
MPM NOBbILIEHHbIX TEMMEPATYPAX | 


(IIpedcmaeneno axademuxom H. I]. Bapduneim 27 V 1959) 


OKCHEPUMEHTAJIbHO YCTAHOBJIeHa IPAMaA CBA3b MEX Ly TBEPAOCThIO Ha BaB~ 
muBaHve WM MOjlyJIeM HOPMaJbHOH ynpyrocru Ja Oonbuiok rpynnbi uCTHIXx 
erai0B ('). Bpwio modmMeyeHO, YTO TaKHe TyTONMaBKHe METAJIJIbI, KAK BOJIb- 


BBICOKHMH 3HAYCHHAMH TBeEPAOCTH IPH KOMHATHOH Temmepatype, y2Ke npyH He- 
SHAUHTeJILHOM MNOBbIILeHHH TeMNepaTypbl MHTCHCHBHO pasympouustoTcs. Ha- 
impuMep, Harpes Bosbdpama lo 500° npuBoLuT K MoTepe TBepsocTH Gonee 60% 
oT HauaIbHOro ee 3Hay¥eHHA. Bmecto 350 equHu m0 Bukkepcy mpy KomHaTHOh 
TemnepaType TBepdocTb Bosbdppama mpu 500° cocrapaset oKomo 120 KI /mm?. 
AHaJIOPHUHO BexeT ceOA MOJIHOZeH pu HarpeBe (cp. puc. | u 2). MurencuBuo 
Pas yYNPOUHAIOTCA THTAH HM WHPKOHHH Mp NOBbILIeHHH TemMMepaTypbl. 
BpicokKast TBEpAOCTbh HM MpaKTHYeCKH OXPYNYMBAHUe STHX METAIJIOB IPH KOM- 
iHaTHOH TeMMepaType CBA3aHbI, NO-BHAMMOMY, C HaJIHYHeM MpuMmecel, OcoOeHHO 
HEMeTAJIIHUeCKUX (a30T, KHCOPO, BoZOpod). IIpumecu, nouwrn He H3MeHAA MO- 
Aya yMpyrocTu MeTasa, BbISbIBAIOT HCKaKeHHe KPHCTAJVIMYeCKOH, pelieTKn, 
OoblIHe BHYTPeCHHHe HaNpAXKeHHA UM B YCJIOBHAX OTHOCHTCJIbHOH CTaOHJIbHOCTH 
TaKOrO COCTOAHHA 3aTPYAHAIOT OCYIMeCTBIeHHe MvlacTHYecKOH JedopmMalun, 
oxpymunBatoT metas. Harpep *e MpuBOAuT K pemaKCcallHH BHYTPeHHUX Ha- 
Mps2keHHl, K MepeMeLleHHIO MeHee CBASAHHBIX ATOMOB-IIPHMeCceH, K ABJICHHAM, 
Cnoco6cTByIOllHM MpoTeKaHHIO MacTHYecKkoH Aedopmaulnu. Jpyrumu cnoBamu 
3TH JAHHbIC NOKA3bIBaIOT, YTO «H30bITOUHaAA» YaCTb TBEPAOCTH, BbISBaHHAA BTO- 
PHUHDIMH ABJICHHAMH, ABJIAeCTCH HeycTOHYHBOH K BO3JeHCTBHIO HarpeBa 
WM WpakTHYecKH CHMMaeTCA MPH MNOBbILICHHH TeMMepaTyDpbl. . 

VspectHo Take, YTO MPH JIerHpOBaHHH TBePOCTb CIJIaBOB-PaCTBOPOB, 
Kak IIpaBHIO, BO3PacTaeT NO Mepe MOBbILICHHA COMePKaHHA BBOAMMBIX B CMaB 
3JIEMCHTOB. OHakO Mp 3TOM He Bcerya WIM He B TaKOH Mepe YBeJIHUNBAIOTCH 
ympyrnue cBolicrBa, HaMpHMep MOJyIb HOPpMasbHOH ynpyroctu crmaBos. [losto- 
MY CPaBHHTeIbHOe U3yYYeHHe TBEPAOCTH H MOLY HOPMaJbHOM yupyrocru ABol- 
HbIX, TPOMHBIX HM Oomee CJIOXKHbIX CNMaBOB MPH MOBbILMeHHbIX TemMepaTypax 
MOXKCT CJIY2XHTb BbIACHCHHIO B/JIMAHHA OTACIbHbIX JICTHPYIOWIUX 3JieMeHTOB 
Ha MPOUHOCTh MexKAyaTOMHOTO B3aHMOJeHCTBHA WM COMPOTHBJAeCMOCTb MylacTH- 
yecKOH JedbopMalMv, a TaK2Ke YCTaHOBJICHHIO COOTHOMIeHHA Mey STHMH 
CBOHCTBAaMH. | 

B stoi cBa3u HanomuuM, uTo eure B 1913 r. H. C. KypHaxos c corp. (?, %), 
u3y4an WaBeHHe HCTeEYCHHA MIaCTHYeCKHX Te] H XapakTep H3Me€HCHHA TBep- 
JOCTH MCJHO-HHK@JICBbIX CIJIaBOB B 3ABMCHMOCTH OT COCTAaBAa, MIPHIlleJI K BBIBOLY, 
ITO TBEPAocTb m0 Bprionesio TBEPAbIX PaCTBOPOB AO/2KHAa HAXOJMTLCA B NPAMOK 
34BUCUMOCTH OT MPOHSBeEeCHUA MOAYJIA ypyrocTH Ha Bpems penakcaunu: Hp = 
= ET, rye Hg —rTBepgocrb no Bprouxemo, E — mofyab ympyroctu, 7 — 
spemMaA pewakcallHn. 

2Sro COOTHOIMEeHHe NOKa3bIBaeT, YTO H3MeCHEHHE TBEPAOcTH Takoro THNa cnvia- 
30B MOXKET 3ABHCeTb WIM OT H3MCHEHHA MOJLYJIA YIPyrocTH, WIM OT H3MeCHeHHs 
3PeMCHH PesakcalluH, HIM OT USMeHeCHHA OOeHX BeHUHH OAHOBpemeHHo. Ilosz- 
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nee IT. I]. Jla3apes (*) Tak2Ke yKa3biBasl Ha BO3MO*KHOCTH cylllecTBOBaHHA O13- 
xoli B3Q@HMOCBA3H Me@KLY CpaBHMBaeMbIMH CBOHCTBaMM MeTAMJIVJIOB. so Teer 
B laHHolt paOoTe NPHBOAATCA pe3sybTAaTbI HSMePCHHA mIpH ae re 
CTH Ha BAaBIHBaHHe HM MOLYJIA HOPMAJIbHOH yipyrocTu THTaHa, Bapace: | 
ro TBepAoro pacTBopa G-THTaHa C XPOMOM, 2KesIe30M, KPeMHHEM H oe a 
KOMIHOHCHTHBIX TBEPAbIX PaCTBOPOB THTAHAa C AONOJIHUTEIbHbIM BBCA 


AL Jame 


0 20000 40000 KI Jum? 


J dL 
0 200 400 600 800 1000" 


E10r? 
Puc. 1. TBepgocts no Buxxepcy H,, Puc. 2. BsaumocBa3b Mexkyy TBep- 
WU MOMyJIb HOpMaJIbHOH ynpyroctu E AOCTbIO Ha BaaBMBanNe Hy wu Mosy- 


BOb(pama H MomuO ena pH HarpeBe JIleM HOpMaJIbHOK yopyroctn E uncteix 
MeTawoB mpH 20, 500 u 800° 


peMeHHoro coflepxkaHuaA aiomMunua. AmomuHHi BBO,UICA B KOHUeCTBE 330 
4,5; 6,0 u 7,5 Bec.%. YkasaHHbie 6-KOMMOHeHTHbIe cmaBbl, paspadoraHuni 
p Vucruryte metanaypruu AH CCCP, suegpstiorca B IIPOMBILIJICHHOCTb COOTBET- 
CTBeHHO mo, MapKamu: T-3, T-4, T-6 u T-8. Coappl BamnaBaamtucb B BakYYM: 
HoH Ayropolk meu c pacxoyembiIm SueKTpogom. IIpumeneuupili Awa nW1aBot 
TuTaH MapKu ITXM3 TI-0 coyzepxan npumecn (B Bec. %): Fe 0,02; Si, C, Ni 
Cl, Nz mo 0,03; Mg 0,04; O2 0,09 u He 0,003. OcHoBHble Mexannueckue cRBOLICTR: 
sToro THTaHa: O, = 40 +45 KI/ mm”; 6 = 30-50%; b= 60+70%; a,=19+ 
+29 xl'/em? u Hg = 130+140 KI/um?. JIursie cnutku pecom 1-2 xr KoBanucl 
Ha MpyTKH uameTtpom 14—-16 mM mpu Temneparypax narpespa 1100—1250° 
Hi3 MpyTkOB TOTOBHJIMCh oOOpasibl Aa usmMepeHua TBepfocTu u MOLY 
yipyrocru. 

TBepAocTb H3Mepsacb MeTOJOM BaBJINBaHUA asMa3Holi NHpaMuybl THM: 
Bukkepca nox Harpyskoi B | KT mp Bpemenu BeigepxKKu | MuH. Mojgyab Hop 
MaJIbHOM YMPYyFOcTH BHIUMCIAICA NO aHHbIM H3MepeHus oOpa3uia (quHa, Ana 
MeTp M Bec) M YacToTe COOCTBeHHBIX KoNeOaHHli, onpetensemoli paquorexHuye 
<KHM MeTOJOM. 
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OnucaHue mpHOopoB u MeTOAUK UCCeOBaHHi MO OMpeketenuio TBeEpJocTH 
H MOJyJIA HOPMaJbHOH ynpyroctu npuBeseHo B padorax (°, °). JlaHHble u3smepe- 
jHMA TBEPAOCTH B MHTepBae TeMMepaTyp OT KOMHaTHOH Jo 1000° npuBezeuni Ha 
puc. 3. Ha puc. 4 npegxcraBeHb! KpHBble H3MeHeHHA MOAyJIA HOpMasbHOL yupy- 
JrOcTH JIA THTaHA, OCHOBbI CMIaBOB 6e3 aIOMHHHA HW 6-KOMMOHEHTHBIX CIJIaBOB, 
JcofepxKamux 3,0; 4,5; 6,0 u 7,5 Bec.% antomuHua. 

H3 cpaBHuTeIbHOrO PacCMOTPeHHA pe3yuIbTaTOB H3MepeHHA TBePOcTH u 
MOJLYJIA HOPMAJIbHOM ypyrocTH THTaHa u ero CMaBOB CilelyeT, UTO COBMECTHBIC 
HeOouIbluine JOOaBKH XpoMma, >x*eve3a, 

KPeMHHA UH Oopa NOBpIMAaloT TBeEPAOCTh AL /mme 
M MOJlYJIb HOPMaJIbHOH yupyrocTu THTAa- 
Ha. J[onouIHHTeIbHOe BBeeHHe aJIIOMH- 
HUA 10 Mepe yBeJIMYeHHA ero cosep- 400 
2KaHUA TaK%Ke MOBbILMAeT MOLyJIb yupy- 
| rocTH H TBePAOCTb THTAHOBBIX CIMaBOB 300 
“Kak PH KOMHAaTHOH, Tak HW pH MOBBbI- 
“UWIeHHBIX TemmepaTypax. 
OgHako cTeneHb BO3PpaCcTaHHA CpaB- 
_HHBaeMbIX CBOHCTB, B OCOOeHHOCTH pu 
| KOMHaTHOH Temnepatype, HeoqMHaKosa. 100 
Mojysib HopMambHOK ynpyroctu E tu- 
TaHa Ii 6-KOMMOHeHTHOTO cmvlaBa Cc Gg 7 = 
7,5% Al sBo3pacraer c 10 980 Zo Se a te ee 
13 250 kT'/mm?, a TBepfocTb Ha BAaBIIM- pyc. 3, Bausanue narpesa na TBEPAICTb 
BaHue Hy pospactaerc 167 70 458KI'/mm?, rurana TT-0, 5-komnoneurnHoro tsepyzoro 
T. €. NMOYTH BTPoe. - pactBopa &-THTaHa (OcHOBa CnaBoB) u 6- 
Sru 9KCIePUMeHTAaJIbHbIe JIAHHbIe M0- KOMNOHCHTHBIX THTAHOBBIX CIJIAEOB C Mepe- 
MeHHBIM COJepxKaHvemM auomunun P= 1x7. 
Ka3bIBalOT, UTO YIPOUHEHHe THTAHOBbIX Ane 
CIJIaBOB pH KOMHaTHOH TemmepaType B 
CBA3H C HX JerHpOBaHHeM aJIOMHHHeM 
OOyCOBIeHO TlaBHbIM OOPpasoM CTPYKTYPHbIMH (haKTOPaMH YIPOUHeHHA WI 
BO3PaCTaHHeM BPe€MeHH PedakcallMu HapsAy C NOBbILICHHeM MpOYHOCTH Mex*K]y- 
 aTOMHOro B3auMmoselicTBua. Moysb HOpMasbHOM yipyrocTH THTaHa, 5-KOMMO- 
- HeEHTHOPO TBepAOro pacTBopa O-THTaHa HM 6-KOMMOHEHTHBIX CmmaBoB c 3,0; 4,5; 
6,0 u 7,5% Al mpH KOMHaTHOH TeMmepaType COOTBETCTBEHHO COCTABJIAeT 
(8 KI /mm?): 10 980; 11 390; 12 100; 12 500; 12 900 u 13 250. 
Harpes npwHBoquT K CHM2KeHHIO CpaBHUBaeMbIX CBOlicTB. XapakTep H3MeHe- 
HHA TBEPNOCTH VIA BCeX COCTABOB CMaBOB MPH NOBbILMeHHH TeMMepaTyPpbI HCIbI- 
TaHHA KaueCTBeHHO O/MHAKOB. 
KpuBylo TBepHOCTH, XapakTePH3YIOWLy!O CTENeHb pa3syNPO4HeHHA CIMVIaBOB 
IIpH HarpeBe, MOXKHO pasfeIuTb Ha Tpu TemMepaTypHBIx yyacTKa: 1) or 20 yo 
500—600° — remnepaTypHbIHM MHTepBasl CpaBHUTebHO HeOobUIOro pasyMmpoy- 
HeHHA CMWIaBOB HM COXpaHeHHA BbICOKNX 3HayeHUIt TBepfocTH; 2) or 500—600 


Weve “4 
Cpequve TemiepaTypHble KoopPULHeHTh! TBEPAOCTH THTAaHA UM eFo CIaBOB 


Boe 6-KOMNOHEHTH. TBEPA. p-p, cofepx. Al B Bec. % 
T-pa B °C TI-0 HCHTH. 
WEEIDIN> 1998 3,0 4,5 6,0 Ze) 10,0 12,0 
20—200 0,4 0,1 Cae s 0,34 = af 
200—300 Oil OF. — _ _ 0,35 _- — 
300—400 0,2 0722 0,17} — — 0,06 — — 
400—500 0,45 Oy ACR O27 Hse o Tale (0.36 0,33 0,40 0,70 
500—600 0,22 0.14 | 0,39] 0,55) 0,20 0,2 0,36 0:45 
600—700 0.37 0-48 ) 1.03 14,07 | 0,88 1,04 1/48 1/50 
700—800 0,25 OSG 70-70 I, 04 1,16 1/05 1/04 
800—900 1,12 O14) 70.34 10.28 | 0,52 0.48 052 0,60 
900—1000 | 0.055 | 0,056 | 0,07 | 0,121 0,22 0,22 0,34 0,38 


no 800° — TemnepaTypHbIH HHTepBall ypesBbaiHO HHTCHCHBHOTO PasyMpouHe- 
Hua u 3) oT 800° n Bpllie — HHTepBas 3aTyXalOulero CHHKCHHA tBepyoctu. IIpu 
9TOM CTeMeHb Pa3yMPO4HeCHHA THTAHOBbIX CIIaBOB pH HarpeBe TEM Ooubule, 
yeM Bplllle Obwila HX HCXOHasd TBePAOcTb. ITO OCOGEHHO NOKASATEJIbHO BbIPaKaeT- 
ca CpeHHMH TemMMepaTypHbIMH Ko9dPullueHTaMH TBePpAOCTH (cm. Ta6u.1). 
Mofysib HOpMaJIbHO ynpyrocTH THTaHa M EF CII1aBOB BO BCEM HHTepBasie 
TeMMlepaTyp MOHOTOHHO IMNOHH*Kaerca (cm. puc. 4). OrmeyaeTca TaKxe, YTO C 
yBeJIHYeHHEM COepKaHUs aTIOMHHHS 
4 HHTCHCHBHOCTb CHH2KCHHA MOYJI# 
HOPMA@JIbHOH ypyrocTH THTAHOBbIX 
CmylaBOB IIpH HarpeBe 3aMeTHO yMeHb- 
waetca. Hanpumep, MOJyJIb HOp- 
MaJIbHOH yipyrocTH THTaHa Mp Ha- 
rpepe OT KOMHATHOM TemlepaTypb! JO 
800° nonwxaetrca c 10980 Zo 
4770 KI'/mM?, T. e. Gomee 4YeM BBO, 
a isi 6-KOMNOHeHTHOTO — CIIaBa 
c 7,5% Al 9TO OTHOWeHHe yMeHb- 
waetca B 1,5 pa3a mpH OovIbLIeM 
HavaJIbHOM 3HaueHHH EL, 
CpaBHHTeJIbHoe paccmoTpeHHe 
J[aHHBIX NO H3MCHEHHIO pH HarpeBe 
TBEPpOCTH H MOYyJIA HOpMaJIbHOH 
ympyroctH THTaHa u ero 6-KoMIO- 
HeHTHbIX CIIJIaBOB C Me€peMeHHbIM CO- 
JepKaHHeM aJIIOMHHHA MO3BOAeT Cle- 
200 400 600 G00' jaTb CJIeAYIOULMe BbIBOJEI: 
Puc. 4. BausanHwe HarpeBa Ha MOJyJb HOp- L. PactBopumbie Ao0aBkH XpoMa, 
MabHOl ynpyrocra TuTana TT-0, 5-Komno- 7Kewle3a, KDEMHHA uM Oopa NOBbILMAIOT 
HeHTHOrTO TBepforo pacTBopa a-THTaHa u TBEPAOCTb HU MOYJIb HOPMaJIbBHOK 


6-KOMNOHeEHTFBIX THTAHORbIX ciwaBoB Cnepe- ynpyrocTH TBepjoro pacTBOpa G-TH~ 
MeHHBIM COJepKaHHeM aJIOMHHHA TaHa 


2. AMOMHHHH ABJIAeTCA BarxKHeH- 
INHM 3JIEMCHTOM, YMPOUHAIONIMM THTAHOBbIe CHWaBbl KaK IPH KOMHaTHOH, Tak 
H PH MOBbIWeHHbIX TeMNepaTypax. 

3. Boicokve MpOU4HOCTHBIe CBOHCTBa THTAHOBbIX CIIaBOB C MepeMeHHbIM. 
Cofep#KaHHeM aJIIOMMHUA COXPaHAIOTCA B MHTepBase TeMNepaTyp OT KOMHATHOH 
Ao 500—600", Bitte koTopoli HacTynaer pesKoe pasynpouneHne. MnrexcuBHocTe. 
Pa3yMpOuHeHHA CMaBOB TeM OOJIbUIe, 4eM BbIe Oblia HX HCXOMHAA TBEPOCTD. 

4, CBa3b  =MexKy XapakTepHcTHKaMH cONMpoTHBAAemocTH mMuacTH4e- 
ckoH jlecopMalHu ClWIaBOB H Me2KaTOMHbIM B3aNMOJelicTBHeM, OLEHHBaeMbIM 
ylpyl MH KOHCTaHTaMH, MO Mepe NOBbILIeHHA TeMMepaTypPbl HCMbITaHHA CTAaHO- 
BHTCA Ooulee pe3skO BbIPaxkeHHOH. Powb crpyKTypHBIX (bakTOPOB ynpouHeHHa 
MIpH 9STOM YMeHblillaerca. 

5. Onpeserenbi MOyJIb HOpMa/IbHOH ympyroctu u TBepOCTb THTaHa, 5-KOM- 
MOHEHTHOTO G-TBepforo pacTBOpa H 6-KOMMOHEHTHBIX THTAHOBbIX CMaBOB C 
M€PCMCHHbIM COJep2KaHHeM aJIIOMHHHA TPH MOBbILeHHbIX TeMMepaTypax. 


VucrutTyT Metanayprnu um. A. A. Batixora 
Axkajlemau HayK CCCP VISE. 


WMTHPOBAHHAS JIMTEPATYPA 


1M. T. JIosuuckxui, C. T. OeRoros, U3s. AH CCCP, OTH, ™ 3 (1956 
* Hoc. Ky pa a kioe iG. Or "Ceres yx up, Mas. C.-Merep6yprex. oh eee 
OTHE TEXH., €CTECTBOSH. 4 MaTeM., 19, B. 2 (1913).. ° H.C. Kypuakops, A. Pank e. 
)Kypu. Pycck. cbu3.-xuM. o61y., 4. xuM., 46, B. 2 (1914). > #1 Alba ape B, O cooTHoule- 
HHH M@%KJly TBeEPHOCTbIO H YIPyruMH TepMH4eCKHMH H ONTHYCCKHMH KOHCTaHTaMH 2g1eMeHTOR 
Con. 2 Ha. AH COC", 1950. MT “Wosuacken, 6 E.@ ene ganaeee 
es ‘oceans Neo 4 (1954). M.TelogweeK yh BricokoTemnepatypHad. MeTaJ0- 
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Jloxaann AKkanemun 
1959. Tom 128, Nb 5 


Hayk CCCP 


TEXHHYECKAA PH3BHKA 


tO. M. WALIKOB u HW. WM. AKHMUYUEHKO 


AUPSY3UA JIATHA B KPEMHUA 
(ITpedcmaeaeno axademuxom H. I]. Bapduncim 27 V 1959) 


IIpeacrapimer HHTepec MOJIyYeHHe MOHOKPHCTaIMMYeCKOrO KPeMHUA, JerH— 
poBaHHoro suTuem. M3-3a XHMHYeCKOH arpeccHBHOCTH MTHA Hanbomee NOAXOMA- 
UMM MeCTOJOM JI€ErHpOBaHHA ABJIAeTCA Auppy3us WUTHA B MOHOKpHCTa/MYeCKHHt 
KpeMHHM. Itomy OnaronpusntcrByer OombWad BenM4HHA Kosdpulluenta Audby- 


30M JINTHA BKpemHull. Pacnpegenenue NpuMecn B OOpa3ile MOXET OpiTb LocTaTOuHO 
TOYHO BbIUHCJICHO, CCIM H3BeCTeH KOSPuUnenT Anbpysuu mpumecu B oOpasue. 
Kosi®ulinent Auddy3uu JMTHA B KPCMHHH Opi H3MePeH NPHMCHUTEJIbHO K Andp- 


(y3HH JIMTHA U3 KanJIM Ha NoBepXxXHoCcTH 
KpeMHHA pH Temnepatypax 500 —1000° 
‘MeTOJOM p — n-lmepexofla Mu nO NosBHxK- 
HOCTH HOHOB wHTHA (1, 7). OfHako B O- 
cmeqHee BPeMA MNOABHJIHCb CoOOOWeHHA, 
YKa3bIBalOlWlNe Ha CHJIbHYIO 3aBHCHMOCTb 
KOSPPHUNeHTOB Auddysnu Opicrpo And- 
dyHdupyrouux mpumece (mMeqH) OT kKo- 
JIMYCECTBA CTPYKTYPHBIX JedeKTOB B MOHO- 
Kpuctaax (°, 4). [lostomy mpegcraBissio 
HHTepec MPOBEPUTb HMeIOMMMeCA JaHHBIe M0 
Koo@puuuenty Anddpy3uu JIMTHA B KpeM- 
HH B 3a€BHCHMOCTH OT COBEPWeHCTBa KPHC- 
TaJIJIOB KPeMHHA. ITOT BOpoc MpescTas- 
JIAeT TAK2%KE TEOPeTHYECKHHM HHTEepec. 

OHH M3 HaHOoulee BEPOATHHIX Mpesyno- 
2KCHHbIX MCXAHH3MOB (°), OObACHsTOMIMXx 
3aBHCHMOCTb Koadpulnenta LHpdy3sun me- 
QM B TepMaHHH OT YHCa CTPYKTypHBIXx 
AeseKTOB, mpesnomaraer Audpy3u1o meu 
M0 y3JIaM HW MexKOYy3IMAM pellerKuH. JIuTHH 
RudpyHyupyerT B KP€MHHH, MO-BHMMOMY, 
TOJbKO 10 Mexjloy3muAM. Ilostomy Bbiac- 
HeHHe 3aBHCHMOCTH KOSduuueHTa Ludpdpy- 
3HM JIMNTHA B KP€CMHHH OT YMCA CTpyk- 
TYPHbIX JePeCKTOB KPHCTasIa MOXKET Ciy- 


Puce. 1. Bun p — n-nepexofa, Moayuen- 
Horo pn Audcdy3snu JMTHA. Bpisapseu 
TPaBJIeEHHeM 


XKHTb OLHHM H3 KPHTepHeB, NOATBepKLaowlux LudPysuto ero No Mexkoy31NAM 
WM MeXaHH3M 3aBuCcHMOCTH Koaddulluenta Luddpysnu OT cTpykTypHoro coBep- 
WIeHCTBA, IpeANosaratollero HavIMuNe MEK LOY3C/bHbIX H 3aMeHLalOulLHX aTOMOB(°). 

Lluddy3uto MpoBoduu H3 TOHKOH MIe€HKH MeTAJJIMYeCKOLO JIMNTHA, HaHeCeH- 
Holi Ha CoulmMcoBaHHy!0 WM MpoTpaBseHHy!O BOAHbIM pacTBopomM KOH nosepx- 
HOCTb OOpa3ua. Cpepxy coli sHTUA 3aKpbIBaIM BTOpbIM OOpasuom. Iloce Ha- 
HeC€HHA COA AUTHA OOPa3ibl Ha CNellMabHOH KBapWeBoH NoscTaBKe Opicrpo 
NOMeWaIH B KBapWeBylO TpyOKY HW Yepe3s Hee HAYHHAIM MPOMyckaTb TOK TeJHA 
wu aproHa, TpyOxy BcTaBJAIM B Weub, KOTOPad 3apaHee HarpeBaslach JO HYK- 


ou 


Holi Temnepatypbl. Ilocae AudpysHoHHoro OTKUra OOPasilbl ObICTPpO H3BJIeK aH 
u3 Neu M COpacbiBayIH Ha CTabHy!O MINTY, YTO OOeCMeYHBAIO OXaKeHHE 
o6pasila 3a HeCKOMbKO CeKyHA. JL1# OnbITOB UCMOJIb30BaJIH oOpa3bl p-TuMa. 
TayOuHy MPpOHHKHOBeCHHA JMTHA OMPeAeMAIM NO MOJO%KEHHIO p — N-lepexoja, 
KOTOPbI BbIABJISUIM TPaBJICHHeM B KOHIWeCHTPHPOBaHHOM MIaBHKOBOH KUCJIOTE 
¢ HeckombKumMu Kanaamu HNO, wan mpa momMoulM THTaHatTa Oapna. TunM4uHpii 
BU p — N-Mepexoj{A, BbIABJIAeCMOFO IPH MOMOMLM TPaBJICHUA, MOKA3aH Ha PHC. y. 
<,  JlnHuaA p — n-Mepexofla B OOOHX Cayyanx mMomwy4a- 

8 88s $ S jlaCb UeTKOM HW pesyJIbTaTb! coBMaaiH. Pacuer ko- 
aspdulnenta Lupdy3sHn NpOBOAMIN B NpeANOOAKeHHH: 
u@dy3uu JIHTHA M3 OeCKOHEYHO TOHKOFO CJIOA, Tak 
Kak TOJIUHHa HaHeCeHHOTO CJIOA (JecaTbIe JOJIH MMJI- 
JiuMeTpa) Oplula 3HAYHTeEIbHO MeHbIUe TlyOHHbI Mpo- 
HUKHOBeCHHA P — /-MepexoJa (HECKOJIbKO MUJIJIMMeT- 
pos). IlopepxHocTHy!0 KOHIeHTpallMl0 JIMTHA Ompese- 
JIsJIM 10 Becy HaHeceHHoro cuios. [Ipu pacuere npHHH- 
MaJIM, 4YTO KaxKbId BBeACHHbIN aTOM JIMTHA OTaeT 
OJMH 3JIEKTPpOH MpoBoyumocTH. KoHWeHTpalluio HOCH- 
Teel B OOpasile OMpesesAH MO COMPOTHBJIeHHIO 0O-; 
pasuoB. TouHocTb ompeseseHua KoSpuUHeHTOB Aud- 
cbysuu + 10%. | 
Jlna onbiroB Obwid BbIOpaHbl OOpasitbl AByX (TH- 
MOB, CHJIbHO OTJIMUABLIMeCA YHCJIOM BbIABJIACMbIX MPH 
09 1 {2 43 44 4§ TPaBMeHHH AMOK TpaBJeHHA (TpaBMeHHe MPOH3BOAU- 
1000/, JIOCb CMe€CbIO IWIaBHKOBOH, a30THOM HM YKCYyCHOM KuC- 

Puc. 2. Temmepatypoaa JOT; Heramu cm. B (°)),—4HCTO MOHOKpucTammHuec- 
3aBHCHMOCTb KosppuluenTa KMeH COMepKaliue OoJIbUloe YHCIO JBOHHHKOB H CJBH- 
Aupy3uu JMTHAB KpeMHHH = ropn, B nocmeqHeM caryyae Auddpysuto mpoBoduiM Kak 
B HalpaBJICHHH, MepNeHAHKYAPHOM pacmpocTpaHe- 

HHIO JBOMHHKOB H CBHTOB, TaK HM MapasenmbHOM. OOpa3lbl BbIpesan 3 


CJIMTKOB, IOJIYYeCHHbIX BbITATHBAHHEM H BePTHKAJIbHOH OecTHresIbHOH 30HHOH 
mwlaBKOH B BaKyyMe. 


Taounnma 


Unca0 
XapaktTepuctTuka O6pasiia fe e, OM-CM | T-pa, °C orice 
-1 cM? 
MouckpucTaMueckHH, MOyueH 30HHOM MaBKol 108 eA 420 0,47 
To xe 108 14,7 490 ie 
To «xe 408 14 oe Ono) 
C BoHHuKaMH, MOuyyeH 30HHOM mMaBKON 405 10 55S Mn 
C (BOHHHKaMH, NepmeHMKYIApHbIMH HalipaBue- 
HHIO Judpysuu; NomyyeH BbITATHBaHHeM 105 4 600 (2 
C eoHukaMu, TapasenbHEIMM HalpaBseHuto 
mupdy3un; Wowyien BLITATHBaHHeM AOS 5) 600 6 
To xe 10° 4 6410 1,9 
Kpucrals ¢ QBOMHHKaMM, MepnenyquKyApHbIMu 
HalipaBuweHnio udpysun; mowyyeH 30HHOM 
J1aBKoOM 10° 6 610 5,0 
Monoxkpuctaaa, TouyseH 30HHOM mMaBKol 108 1,6 650 9 
To xe 108 21 800 2,6 
To »#*e 103 21 800 2,8 


B ra6a. 1 mpupegeHbl: xapakTepucTukKH oO6pa3l0B, HX COMpoTHBAeHHE 
TemiepatTypbl AuppysHouHoro OTAKUTa U MOJYYeHHIe BEHYMHbI KOSPpuIMeHT 
Audpy3un. 

IlouyuenHbie sHayeHusd Kosdipuluenta Audpy3suu oTMO%KewE Ha pc. 
B KoopAunatax lg D— 1/T. V3 pucyHka BuO, YTO 9KCMCPHMeHTAaJIbHbIe TOUK 
XOPOIUO yKJlafbIBalOTCH Ha MIpAMYyiO, KoTOpasd B Mpelemax 400—800° moxe 
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ObITb ONHCAHa YyPaBHeHHeM 


aan 2: 10™exp(— =) cM? /ceK. 

B npeqenax owH6Ku ompira JanHpie pador (1, 2) copnayaior c Haliumu. 
Takum o6pasom, MouyYeHHble LaHHble yKasbiBalor Ha H€3aBMCHMOCTb CKOpo- 
cmH uppy3uu JIMTAA OT CTPYKTYPHOrO COBePIIeHCTBa KPUCTa/JIOB KPeMHHA. 
QTO ABNACTCA MOATBEPANCHHEM UMCTO Me@XKLOY3ebHOrO MexaHu3sma udpbysuu 
auTuA. TloyueHHblit pesybTaT yKa3bIBaeT TAK%Ke Ha MPaBHJIbHOCTh MeXaHH3Ma 
3aBHCHMOCTH CKOPOCcTH Auppy3suu OT CTPpyKTYPHOro coBepllieHcTBa KpHCTasmMa, 
mpeAnouaraioulero Auddy3nto mpuMecu MO y3laM MH MexKOy3JIMAM PeLUeTKH, 


ViuctutyT Metanayprun um. A. A. Baiixosa . Iocrynuo 
Akallemun Hayk CCCP ; - 30 TV 1959 
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1959. Tom 128, M5 
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Axagemuk A. A. BAJIAHJMH, H. A. BACIOHHHA, C. B. YENHFO 
ul. C. BAPbILIEBA 


PHAPOJIATHYECKOE FHAPHPOBAHHE LUEJIJIKOJIO3bI 


| MuoroaToMuble CnupTbl (feKCHTbI, .CHTHTbI, IPHTPUT, TIMWepHH HM PIMKOWIH) 
| HaXxOJAT WMPOKOe IIPHMCHeHHe B MOJIYYeHHU WeHHbIX CHHTeTHUeECKHX MaTepua- 
JIOB — HCKYCCTBCHHOFO BOJIOKHA, aJIKHQHbIX CMOJI, MOIOWMX cpescTB, ond, 
a TakeKe B KayecTBe MWIACTHDUKATOPOB H CTaOMIM38aTOPOB BMaxXKHOCTH B Oy- 
-M@KHOM, Wel0d~aHHOM, MapdioMepHOM, TeKCTHJIbHOM MH APyruX NpOuSBOACTBAaX. 

CpipbeM JIA MOJLYYCHHA MHOFOaTOMHbIX CMHPTOB MOFYT CJIyKHTb exKerolHO 
BOSOOHOBJIAIOWMHeCH 3anacbl HeMMULeBIX MomHCaxXapHycosepxallux pacrTu- 
T@JIbHbIX MaTePHaJIOB B Bue OTXOAOB JeCO3arOTOBOK MH AepeBooOpaborKu, pa- 
CTHTCJIbHBIX OTXOJOB CeJIbCKOFO XO3HHCTBA (COJIOMbI, KYKYPY3HOH KOYePHOKKH, 
NOACOJHEYHOH JIy3rH, XJIOMKOBOH Welyxu uv Ap.), a TaKKe TPOCTHHKA (KaMBIIIIa). 

Hamu mpeqoxken HoBblli oOWlMH KaTamuTHuecKHH Mertoy (1,*) nomyyenua 
MHOPOaTOMHBIX CNHPTOB 3 NOMCaxXapHOB, Ha3BaHHbI THAPOMMTHYeCKHM FHI- 
PUHPOBaHHeM, NMO3BOJIAIOLMM MPOBOAHTb COBMeCTHO THAPOH3 NoOWMCaxXapHAOB 
HM THAPHpOBaHHe OOPa3YyIOLWUXCA MOHO3 B eJMHOM Mpolecce. 

[ugposmutTuyeckoe PHApHpoBaHHe NoOWHCaxXapuAOB MPpOu3SBOAMTCA B KHCION 
epee B MpHCyTCTBHH PyTeHHeBOrO KaTasu3aTOpa, IPH NOBbILIeCHHOH Temne- 
paType H Nod AaBeHueM BOAOPORa, HW COCTOUT H3 AByX OBICTPO CeLyIOWHX ApPyr 
‘3a ApyroM mpolleccon — ru posu3a u ruypupoBaHua: 


(Cops), 2? nCgHy40¢, 
(C5H,O4),,F20, } He nCsH1eOge 


Tloy eHcTBHeM KHCJIOTHI H BbICOKOH TeMMepaTyPbI NOMMCaXapHAbl THAPOH3 yIoT- 
CA JO MOHOS, a OOPa30BaBLIHeCA MOHOSHI B MPHCYTCTBHM FHAPUPYtIoulero KaTasu- 
3aTopa HM BOfopoxa O4eHb OBICTpO THAPHPY!OTCA WO COOTBETCTBYIOUINX MHOTO- 
AaTOMHbIX CHHPTOB. STO coyeTAaHHe KHCJIOTHOFO FHApoMu3a HM KaTaJIHTHYeCKOH 
THAPOreHu3allMH UMeeT Bar%KHOe 3HAUCHHE, TAK KaK OTKPbIBaeT MYyTb MpAMOrO 
NOJyYCHHA MHOFOaTOMHBIX CNMPTOB C NOYTH KOJIMYCCTBEHHBIM BbIXOJIOM H3 Ta- 
KHX MOJIMCaXapHAOB, KaK WeIO03a. 

Jlo HacTosAlero BPCMeHH MeHTHTbI M TeKCHTbI NO y4asIHCb MyTeM rHApHpoBa- 
HHA TOJIbKO MOHO3, JIA MOJYYCHUA KOTOPhIX TpeOyercsA Nepel TeM mMpoBecTH ruy- 
POMH3 TeEMHIeJIOIO3 HIM WeOO3bI. OMHAKO THAPOMHS MWeJOIO3bI pasOaB- 
JICHHbIMM KHCJIOTAMH MIPOTeKaeT JIHWIb MPH MOBbILICHHOH TeMNepaType H WWH- 
T@JIbHOM BPCMCHH PeakIUMH, B pe3yJbTaTe ero BCerla HMeeTCA CHJIbHOe 
JlanbHeliliiee pa3ox%KeHHe OOpa30BaBLIMXCA MOHOS HM MpakTHYeCKHH BbIXO 
TOKO3bI H3 WeNVIOO3bI SHAYHMTeIbHO MeHblle TeopeTuyeckoro. Mexyly Tem. 
B yCJIOBHAX THAPOJHTHYeECKOrO THAPHPOBaHHA BCWeACTBHE ObIcTporo MmpHcoesn- 
HCHHA BOLOPOMa K PilOKO3e WeM003a MOXKeT ObITh KOJMYeCTBEHHO MpeBpa- 
leHa B COPOHT, KOTOPHIi MocTaTouHO ycTowunB B 3THX ycmoBHAX. Takum 
06pa30M, MOHO3bLI B CBOOOAHOM COCTOAHHH Mp rHAposMTHYeCKOM THApPHpoBa- 
HHH IIpaKTHYeCKH OTCYTCTBYIOT H MOSTOMY MCKJIOUaeTCA BO3MOXKHOCTb UX Pa3- 
joxkenua. Beixox cop6uTa B JaHHOM cilyyae OyfeT 3aBHCeTb OT CKOPOCTH rHJ- 
PHPOBaHHA; eCM Mmpollecc BecTH TaK, UYTOObI CKOPOCTh THApupoBanusA Opiia 
Goble CKOPOCTH THApoMM3a, TO WessI0103a MOXKeT ObITb KOJIHYCCTBEHHO Mpe- 
BpallleHa B COpOnt. 

[loqo6Hoe copmelieHne AByX Mpolleccos — rHApos1H3a HW THAPHPOBaHHA BbIC- 
WMX MOMcaXapHyoB — B Hay4HOH uTepaType AO HaWIHX paOoT He OplIO ONH- 
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caHo. B naTeHTHOH sMTepatype (*) HMeeTCAH yKa3aHve Ha PHApHpoBaHHe kpax— 
Maula B TIPHCYTCTBUH (ocopHO KUCOTHI U HuUKeA Penes c oOOpasoBaHueM Cop- 
Guta. OjHaKo Takad peakKIWHA MOXKET MPOTe€KaTb TOJIbKO B NepBbIH MOMEHT, - 
HOTOMY YTO JOBONbHO OpicTpo 06a KaTasu3aTopa —- cocopHas KUCMOTa MH Hum 
Keb, B OCOOCHHOCTH MPH MOBbIMeHHO Temnepatype, OyAyT B3aMMOMeHCTBOR | 
BaTb pyr c Apyrom, oOpasya cboccbopHOKUCJIbIM HUKeb, H€AKTHBHBIM B OTHO- 
meHHH rHApupoBanus. B (4) ormeyena akTHBHOCTb Ru AA THAPHPOBaHHA MOHO-- 
H AMCaXapHAOB B HeHTpasbHOH Cpefe, HO HE IWevVIOMOSbI B KUCJION. | 7 

B nactosulel pa6oTe merowuKa uccleqopaHul Grima cnezyroulet. Lenmo-: 
lo3a — CysbHTHad WIM XJIONKOBasd — B komHuecTBe 2—4 r uv 40—50 ma 0,7% | 
BOHOFO pacTBOpa (PocopHO KUCJOTHI 3arpyKaIUCb B CTCKJAHHYIO MpOOUpKy,.| 
Tyla Ke LoOapsascn pyTeHueBbIli KaTaMsaTop us pacyueta 0,5 % Ru K THApu- | 
pyemomy BeujectBy. IIpoOupKa 3aTemM nomelilanacb BO BpallalollMuCcA aBTOK AaB 
(v = 500 mu), CHaOxKeHHbII QIEKTPOOOOrpeBOM H HMeIOWMH HaKJIOH B 65°. - 
BuyTpb mpoOupKH BXOAMI KapMaH JIA TepMoNapbl, Ha KOTOPHIM Tak?Ke Opi Ha— 
ye? CTCKJAHHBI uexou. B apTrokaB HarHeTaica BOLOpoy Wo 50 aTM., noce 4ero 
IIPOH3BOAMI0Cb HarpeBaHHe JO HYXHOH TemMepaTypbl IPH HeNpPePbIBHOM Bpa~— 
ujeHHu. TugpupoBaHuto nospepraucb CyJbPUTHaA HM XJIONKOBaA lWesWIOI03a~ 
CymbcbuTHad Wero0s03a coslepKala: TPyAHOPHApOJMSyeMbIxX NOHCaXapHOB 
(c yyeTom 30ubI HM Barn) 99,0%, 30mbI 0,2% u Baru 5,8%. XaonkoBas Wen-— 
JUOJ03a4 WIM CHATbIM MeXAHHYECKUM CMOCOOOM NMOAMYWeK XJIOMKOBbIX CEMAH CO- 
jep»Kaiu: TpyLHOrHuAposmH3syempix 98%, 3oubt 0,0% wu Baaru 4,0%. 

IIpoqykTbl peaklMH mpescTaBsaloT coOoH OecliBeTHbId H He HMeIOMWIMH 3a- 
axa pacTBop, H3 KOTOpOrO B Culyyae THAPHPOBaHHA Wes MOIOSbI KaTaIM3aTOp 
JlerKO OTAeIAeETCA OTCTANBAHHeEM HAH PuAbTpaluen. IloG6ounnix ras006pa3Hbix 
MpOAYKTOB Mp 2TOM mpolecce He OOpasyerca. IlowyueHHbI BOAHbIN pacTBop- 
MIpOAYKTOB peakWHH NOABepraJicA OYMCTKe MPH MOMOL{H HOHOOOMEHHBIX CMOJ 
(KaTHOHUTAa H AHHOHUTA) WH yaeHHA, B OCHOBHOM, JoOOaBAeMOH MpH ruypu- 
POBaHHH MHHepaJIbHOH KHCJIOTHI. OUMUICHHbIM PacTBOp ynapHBasicA B BaKYyMe 
JO MpeKpalleHHA BbIJeeHHA WapOB BOL, H yNapeHHbIM MpOLyKT MO oOxwax- 
JICHHH OObINHO CaMOMPOH3BOJIbHO 3akpucTamHso0BbIBasica.  TlomyyeHHpiit 
MpOAyYKT aHasIM3HpoBasIcCA Ha cOepKanHe B HEM PeyIMPyIOUlMX BelllecTB 
(moHo3) no Beprpany, 3aTeM nojBepraica KayecTBeHHOMy XpoMmaTorpacpuyec- 
KOMY aHaH3y Ha Oymare. B xpomaTorpaduyeckoM aHaH3e NOJBH2KHbIM pac- 
TBOPHTEJIEM CJIYXKHJ PacTBop BOJa — OyTaHON — ykcycHad KucsoTa (5 : 4: 1) 
HM MpOABHTeeM ABIAICH 5% pacTBOp a30THOKHCOTO cepeOpa B amMuiaKe 
(d = 0,85). B cryyae JByXMepHOH OyMaxKHOH XpomMaTorpaduu BTOPbIM pacTBo- 
PHTeseM ClyKHI pacrBop WHpHAHH — sTHTAalleTaT — Boga (1:2: 2), npossn- 
TEJICM ABJIAJICA TOT Ke AMMHAYHHIM pacTBop cepedpa. Ilo konuyecTBy nmomy4eH- 
HbIX IATeH HW 10 R; Cyn O YHCTOTe HO IPHOJH3NTebHOM COOTHOLIICHHH KOM- 
MOHEHTOB MOJYYeHHOrO NpodykTa rHApHpoBannA. OLHOBpeMeHHO Nos yYeHHbI 
MPOAYKT aHaJIM3HPOBaJICA Ha COepxKaHNe B HEM COPOHTA KOMOPHMeTPHYeCKHM 
MeTOJOM (*), Wt ompewqeneHna copOuTa B MpHcyTcTBHH CopOuTaHa, Tak Kak T10- 
Cl€qHHH He OOpasyer MeAHOMeOUHOrO KOMMVIeKCa (O cop6uTaHe cM. Jasblue). 

Ecau ByxMepupili xpomatorpaduyeckul aHaH3 yka3biBaJl Ha YHCTOTY Mpo- 
AykTa, TO NOCeLHHM aHaM3HpoBaJIcCA Tak%Ke Ha cofepkaHne TuApoKcusb- 
HbIX TPymM Me€TONOM alleTHIMpOBaHHA, a TakxKe onpewemeHuA Temmepatyppl 
MaBJIeHHA, MOJI€KYJAPHOrO Beca (MeTOLOM KpHocKOoNMH) HM 3IeMeHTapHoro: 
cocrapa. Bpixo onpeyesiAJICA BSBELIMBAHHEM MOJIyYeHHOTO MposykrTa peaklun. 

Hocnteamu pyTenvesoro KaTaiMsaTopa culy2kHu HOO CepHOKHCABI 6a- 
puli, M00 ApeBecubili yroub. OnaKo KaTamMsaTop Ha yrule NoKagsan yume 
pe3yJibTaTbl B OTHOIMEHHH JVIMTEIbHOCTH paOoTbl, H NMOITOMY B OCHOBHOM ncciie- 
AOBaHHe NPOBONOCb B MIPHCyTCTBHH HMeHHO 9STOrO Katasusatopa (1% Ru Kx 
Becy yrs). Ipurotosmenupii KaTamusaTOp MCMIBITHIBaJICA Ha AKTHBHOCTb MyTeM 
THAPMPpOBaHHA TyUOKO3bI. OOLIUHO KaTaJIM3aTOP CUNTAICA AKTHBHBIM, eCJIM TyI10- 
Ko3a B mpucytTerBuH 0,1% Ru (Kk Becy ruoKosnt) u 1,0% coccbopHolt KucmoTHI, 
npH 110° u JaBnenun Bogopoza 50 aTM., rHApupoBaslacb Halleno B TeyeHHe 
1O—I5 Muu. c oOpasopannem 99—100% cop6ura. Ona u Ta Ke nopuua aKTHB- 
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oro KaTaIM3aTOpa MPOBOAHa B yKa3aHHbIX YCOBHAX THAPHPOBAHHe PVIOKOS3bI 
eCATKH pas Oe3 perenepalun. JIumutTupyrouleli craqneli mpolecca rua~pouutu- 
ecKOrO THAPHPOBaHHA ABIAeTCA cTaqUuA THApoMH3sa. STO MOKasbiBaeTca Tem, 
1TO THAPHPpOBaHve MOHOS, KaK yKa3aHO Bbllle, mpoTekaeT OpicTpee u B Gosee- 
ATKUX yCJIOBHAX, YEM STO TpeOyeTcA LIA THApoOMH3a WesuONO3HI. 

J{1a Toro uToObl HaHTH ONTHMAJIbHbIe yCIOBUA PHAPOMMTUYeCKOTO THAPHPo- 
SAHA WEVIOO3bI, H3yYYaJIOCb BJIMAHHE Ha CKOPOCTb Mpollecca HM BbIXOJ MHOFO-- 
TOMHBIX CIHPTOB KOHILCHTPallHH H MpHpOAb!l MAHePaJIbHOH KUCJIOTHI, KOJIMYeCTBA 
<aTaJIM3aTopa, TeMNepatypbl Hu jlapsenua. HaliqeHHbIMH ONTHMAJIbHbIMU yc- 
NOBMAMH THIPHPOBaHHA CyJIbPHTHOH WesmON03bI B UpucyTcTBUR docdhopHoti 
KHCJIOTHI H PYTCHHEBOFO KaTau3aTOpa ABIAIOTCA: TemnepaTypa 160—165°, 
Meine Bofopoya 60—80 atm. H NposowKUTeMbHOCTh TuHApHpoBanua 50—60» 
vaH. HeoOxofumMaxt KOHMeHTpallun (ocopHol KucnoTbI coorBercTByeT 0.7%. 
[Ip GOouee Hu8KOH KOHUeHTpalnuH KuCHOTE! (~0,5%) ruzposin3 WemON0- 
3bi B YCJIOBHAX ONbITa MPOTeKAaeT MeVICHHO, UTO 3aATATHBAeC] THAPHPOBaHHe BO» 
BpemenH (~ B 2 pa3a). Bomee Bbicokad KOHUeHTpalluA KucIOTH (~1,5 %) He: 
3HAYHTeEJIbHO YyCKOPHeT mpollecc, NOsTOMY HellesecooOpa3HC NOBbHILWAaTb KHCJIOT- 
HocTb. Hywxe 160° rufpomM3 WerON03bI B yCOBUAX ONbITS NPOTeKaeT OUeHb. 
MeJJICHHO, MOSTOMY H TrHApHpoBaHue MpakTuyecKkH He ujeT. Bowee BbicoKaAd 
remnepatypa (190—200°) npuBoguT k pa30%KeHuIO NPOAyKTOB peakIluu, 4TO 
merKO COHAPYyXUBAeTCA NO MOABJICHHIO Y KaTaJIu3aTa KENTON OKPackH UH 3ana- 
xa. Kpome Toro, C NOBbILeHHeM TeMMepaTyPbl MPHCYTCTBYyIOWlaA KHCOTa MO- 
KET TIPOBOJUTh MeruApaTallutO MHOTOaTOMHbHIX CHMPTOB C OOpasoBaHHeM aHruy- 
DUAOB MOCJIeAHUX. 

Heo6xolumoe JapmeHHe BosOpoda, Kak OKa3a0Cb, cocTaBsaeT 60—80 aTo.; 
mpi Goee H43KOM JaBseHuu (40 aTM.) H yKa3aHHbIX BbILe OMTHMAJIbHOH Temme: 
DaType HM KOHIUeCHTPalHH KHCJOTHI THAPHPOBAaHHe LWeMOMNO3bI HE MPOMCXOLNT 
maxke 3a 2 yaca. [Joppunenue JapneHua (120 arm.) HHKaK He CKa3bIBaeTCA Ha 
-kOpocTH ruApHpoBaHus. 

Uro KacaeTCA NPHPOb! yNoTpeOIAeMON KUCJIOTHI, TO WIA NOJIYYeHHA M3 Wes 
MOIO3bI COpOuNTa HeOOXOJHMO MPHMeCHATL GhocdopHy!oO WIM COMAHY!O KHCJIOTHI. 
B pHCyTCTBHM CepHOM KUCOTHI, BSATOH B komMYecTBe 0,5% kK pacTBopy, PHI-- 
DOMTHYeECKOe TUAPUPOBaHUe XOTA HM MpoTeKaeT pu 150—155° B TeueHue 30— 
40 MuH., HO Hapsyy c cop6uTom o6pas3yertca Jo 25—40% cop6uTraHa. Cop6utaH — 
MOHOaHTHApHA copOuTa — B JaHHOM Cylyuae OOpasyerca 3a cueT ye TpeTbei 
3 MOCIENOBaTeJIbHOCTH peakUHH, a HMCHHO JeruApatalun copouta: 

CH,OH — CHOH — CHOH — CHOH — CHOH — CH,0OH pa 
—-> CH, — CHOH — CHOH — CHOH — CH — CH,0H 


| 0 


CepHad KUCJIOTa, KaK H3BeCTHO, ABJIA€TCA CHJIbHbIM KaTaJIH3aTOPOM peakUUH Je-- 
‘WApaTaluH MHOroaTOMHbIX cnupToB. IIpu Gomee npoAO*KUTeEbHOM BPeMeHH 
1 vac), noBbilienHu KOHWeHTpalluu KucoTH! (0,8%) uu Temnepatypbi (180°) 
3 pesyIbTaTe THAPUpoBaHUA OOpa3syeTcA No CyllecTBY OHH copOuTaH, 4TO M03- 
30IAeT STHM IYTEM NOWyuaTb Take WY aHrHAPHAbl MHOTOATOMHBIX CNHPTOB. 

I]pu ruqpouuTuyeckom ruyApupoBaHHH CYJbPUNTHON MWeJIOO3bI B ONTHMAIb- 
ibIX YCJIOBHAX BbIXO, copOuTa nomyyaetcn 92—96% kK UCXOAHOM LemIONI08e. 
JonyyeHupiit copO6uT umes cedyioulne KOHcTaHTb: T. mt. 107° (no mwHTepaTyp- 
ibIM JaHHbIM T. mt. 108°). 


Hatigeno, %: H 39,4; C 
CgH 405. Brtuncneno, %: H 39,5; C 


Spo6ogHBIx OH-rpynn (B %): HaligqeHo 55,2; BrruncaeHo 56,1. Moa. Bec: Hal-- 
leHo 184, BpruncueHo 182. KomopumerpnyecKHM MeTOJOM B OJ yYeCHHOM cop6ute 
ipenensnocb 99,5% copOuta. B nposykte peakUnu OTCYTCTByOT pedylupylo- 
une BeulecTBa. Ha AByXMepHOH OyMa2KHOM XpOMaTOrpaMMe OH NPOAPIAICA OL 
[1M I1siTHOM Cc Ry, orBeualouluM Ry copoura. 
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[IpH THApHpoBaHHM XJIOMKOBOM UWe/WIIOO3bI BbIXO CopOnTa cocTaBJse 
85—90%. Stor copOuT TakxKe HMEJI KOHCTAHTHI, OM3KHe K TeEOPeTHYCCKHM. 

B cnetuanbHbIX OMbITaX B MPHCyTCTBHM CepHOH KHCJIOTHI OblJI NOMyYeH Cop 
6utaH c BbIxotom 90%. OH-rpynn (%): HaliqeHo 41,2. C,H,,O5, Bpruncseno 41,5 
B nosyyueHHoM copOuTaHe OTCyTCTBOBaIN petyWupytoulMe BellecTBa HM B yCJIO 
BUAX J[ByXMepHoH Oyma2%KHOH XpoMaTorpaduu OH MPOABJAJICAH OAHHM MATHOD 
¢ R;, orpeyaiouum R; copOutana. 

CTouKH 3peHHA MYJbTHMIeTHOH Teopun (5) ru4qpHpoBaHue OOPas YIOMIUXCA pt 
THAPOMH3e MOHO3 ABIAeTCA LYONeETHOH peakIMeH C HHJCKCOM: 
pes Gulag | 

\| 
OH 
MysbTunmeTHad TeopuA paccmaTpuBaeT, C OAHOH CTOPOHbI, CTPyKTypHoe, a ( 
pyro — 9Hepreruyeckoe coorsertcTBHe. Jia ykKa3aHHOro BbIlle HHeKCca Wane 
WIPOCTPaHCTBeHHad MOJeb (cm. puc. 14 u 15 B (°)). CormacHo MoqeiM pasMepb 
payHycoB aTOMOB uMeIOT OovblIoe 3HaveHHe AA KatTausa. Metasmbl — Kata 
JIM3aTOPbl THAPHPOBaHHA — NO BeMUMHE (HAHMCHbIIMX) ATOMHbIX payHyCOE 
(R) pacnomaraircs B caemyrolulnlt pad (HW2Ke BCe Pa3MePbI NPHBEAeHbI NO M0- 
CeQHHM JlaHHbIM (°)): | 

Fe Ni Co Cu Ru Os Rh Ir Pd Pt 


RK 1 2a4 "1 246" 1253 Meo T a 1a b2> eco (edo le DOM a OmAa aoe 
PemetKa A2 Al Al Al A3 PAGS JNU Al Al Al 


{ 


Bpi0 H3BeCTHO, YTO MOHOSbI TuApupyroTcs Ha Ni, Cu, Pd u Pt (‘). [punuun 
CTPYKTYPHOrO COOTBeETCTBHA (Ba aTOMA MOJICKYJIbI HaJlaratoTCA Ha JBa aToMa 
MeTaslla C yYYe€TOM COXpaHeHHA BaseHTHOrO yruia (°)) MO3BONAeT OXRKUAATb MaK- 
CHMYM@a aKTHBHOCTH B pady mo R. Kak noxa3aa Bux (*), TakoH MakCHMyM JeH- 
CTBUTeIbHO HaOwOqaeTcA HM OH MpHxo_uTcA Ha Rh (peurerka Al; R = 1,345 A) 
pH THApHpoBaHuun cBpa3u4 C=C. B aKTHBHPpOBaHHOM MYJIbTHMJI€THOM KOMIMJIe€K- 
Ce JIMA CBA3H JOJ2KHAa ObITh IPOMeX*KYTOUHOH Mex*K Ly MpocToH u ABOHHOH. CBxa3b 
C—C (1, 541 A) quHHee, vem C—O (1,43 A) a 0,111 A, acBa3pn C=C (1,337 A) 
MOUTH Ha CTOJbKO Ke AvMHHee, vem C =O (1,23 A)—na 0,107 A; B cpeqHem 
umeem 0,109 A. Ilostomy TeoperuyeckH, HCXOAA H3 NPHHUMMa CTPyKTYPHO"O Co- 
OTBETCTBHA, MOXKHO %KAaTb, TO WIA THAPHpoBaHuA cBa3sH C = O makcumyM 
AKTHBHOCTH B PANY MepeMeCTHTCA BIIEBO H IpHAeTCA Ha MeTaJI c peweTKoH Al 
uu A3 c KpaTuaHlIMM Me?KaTOMHBbIM, paccToaAHHeM, paBHbiM 2-1,345—0,109= 
= 2,581, T.e., R = 2,581/2 = 1,291 A. [lettcrautenbHo, 43 TpyMHO pacTBopH- 
MbIX B KHCJIOTaX MeTAJIJIOB pacCMaTPHBaemoro PxAjla, OMKe BCerO K yKa3aHHO- 
My TpeOoBaHHtO MOAXoAHT uMeHHO Ru (R = 1,325 A). Kak br Hamu, rHqpo- 
JIMTHYeCKOe THAPHpoBaune Ha Pd w Pt ugert, Ho xyKe, vem Ha Ru, uTo TakxKe Ha- 
XOJMTCA B COrIaCHH C MPHBeeCHHBIM BbILIe paCCMOTPeHHeM. 

IIpumenenue SHepreTHuecKHX ypaBHeHuli MysIbTMMMeTHOM TeopHu K THApH- 
POBaHH!O MOHOS HM K THAPOPeHOJIM3yY MHOTOaTOMHBIX CuupToB Ha Ni Obio yoxKe 
mpoBeleHo pauee (*). 

VuctutyTt opranuueckoh xumun um. H. J. 3enuucKoro Iloctynuvto 

AxkaylemunH Hayk CCCP 27 VI 1959 


Beecotosublit Hay YHO-HCCAeLOBaTeIbCKMH MHCTHTYT 
PALPOMMSHOK HW CyJIb(*)HTHOCNHPTOBOH MpOMbILUIeHHOCTH 


UHMTHPOBAHHAA JIMTEPATYPA 


1-C.B. Lennar o, A.-A. B.aame a be A Ba cru a Ar Cepre- 
eB, XHM. HayKa H Mpom., 2, 416 (1957). 2 A.A. Bamnauaun, H. A. BacwouHun a, 
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XHMHA 


H. ©. BEJIBCKHH uw unen-koppecnonzent AH CCCP H. HW. WYAKKH 
HOBbIn METOA CHHTE3A YTOMOJIOFOB TETPATHAPO®YPAHA 


OcHOBHBIMH MeTOamMH NOy4eHUA TeTparnApodypana u ero TOMOJIOrOB AB- 
AIOTCA KaTaJIHTHYeCKOe THAPHpoBaHHe dbypaHoBbIX coequHeHHH (1) wu WaKsH- 
allud C BbIeIeCHHeM BOAbI WIM ramougqoBoxopoga 1|,4-nnonos (”) u 1,4-ranoug- 

rHIpuHOB. SHayeHue M€PBOFO H3 STHX MeTOAOB ONpeseAeTCA JOCTYMHOCTHIO HC- 
XOMHbIX (ypaHoBbIxX coequHeHHH. IlocmeqHHe MOXHO MOMyuaTb, UCHOMb3yA UI 
peaKUMOHHY!0 CnocoOHocTb aubferuquok rpynnbt dyppypowa, uM apomaTu- 
yeckKHe CBOlcTBa PypaHoBoOro Apa. BBewenue aNKMJIbHbIX HIM AUWJIbHBIX py B 
cBoOo4Hoe a-nomoxKeHHe 2-alKuIpypaHOB MO3BOJIAeT CHHTE3HPOBATb PAL 2,0-2u- 
ankusdypanos. Jia nowyyeHua Oomee CIOKHIX TOMOMOTOB TeTparugpodypana 
MIPHXOAUTCA UCXOAUTH U3 1,4-AHOMOB ONpedesIeCHHOH CTPyKTyppI (*). 

_ PaspaOoTaHHbii HaMH HOBbIH Me€TOX KaTaIUTHUeCKOLO CHHTe3a TOMOJIOFOB TeT- 
paruqpodypana, onucpiBaemblii B HacTosUel paOoTe, COCTOUT B HeMocpeCcTBeH- 
HOM IipeBpaliienun |-pypunamkaHouoB-3 B TeTparnypodypaubl pa3M4HOro CTpoe- 
HMA. OTOT MeTO, OCHOBaH Ha MpomMexkyTOUHOM OOpa30BaHuH 1,4-1MO0B B pe- 
3ysbTaTe rHAporeHoiu3a (ypavoBoro WuKsia B Momekyue 1-c—bypusanKaHOOB-3. 
B ycnoBuax napotba3Horo ruapupoBauna 1,4-AMombI WerKO WHKJIM3YIOTCA C BbIJe- 
J€HHeM BOLI B COOTBETCTBYIOlIMe TeTparudpodypaunl. 1-PypusamkaHoubl-3 
MpeACTaBJIAIOT JIErKO JOCTYMHbIe COeCAMHEHHA, NOyuaroulueca rHApHpoBaHneM 
(ypdypuJIUAeHKETOHOB, KOTOPHIe, B CBOIO O4ePeb, ABJIAIOTCA MPORYKTAMH KOH- 
Hencauuu PpypPypoma c amupaTHyecKHMH KeTOHAMH. 

C TOUKH 3PpeCHHA BO3MOXKHOCTH CHHTe3a Pa3sHOOOPa3HbIX TOMOJIOFOB TeTpa- 
rufpopypaHa Ha ocHoBe bypdypoua u asudaTHyeCKUX KeTOHOB, ClelyeT pac- 
CMOTPeTb Ba culy4as. 

Koujencalusa cyppypoua c MeTHaIKMJIKeTOHamH. B atom culyyae Mouly- 
yaloTca 2-H-mponu-5-alKusTeTparugpodpypanp! (i11), kak 9TO BHAHO M3 Cueqy- 
OULeH CXEMBI: 


i ae —P = —s 
| oh a (es Vole es Cee 
oO (o) | ae) | 
' 1 e ll Se 


! 


CH CHCH—R | sae | | aioe al®) 
— CHsCHLCH:CH ce CH,CH,CH, R 
; O 


OH OH 
Il 


2. Kouyexcauua 'byppypoma c KeroHamu Tuma ae pena B 9ToM 
O 


Ciyyae OOpa3yiorca Sone ncgny kebratromatstminae ok (VI): 


es — 
iis bn, pare , eo siriciiioneg 


R 
—> | — ++ HO 
ie hacen HR oe, 
(@) | ‘ (0) 
OH 
Vv 


Vi 


3 ‘JAH, tr. 128, Ne 59 


CrpykTypa Au- H TpHanKusTeTparnszpodypakoB, nodyuarouluxca MpH THAPHPO- 
BaHuu |-dbypHsaiKaHOJIOB-3 B MapoBol (ase, NOATBEpKLaeT MCXaHHSM PeakUAH, 
JIaHHbIH BbIWe: CHAaYaa NPOHCXOAUT THAporeHoMs PypaHOBOrO UnKa, a 3aTeNW 
oOpasoBaBiniica 1,4-anKaHAMO B pe3ysIbTaTe BHYTPHMONEKYIAPHOLO OTHULeH- 
JleHHA BOLI MpeBpalllaercs B COOTBETCTBY!OMMH TeTparnApodypan. SeCb MBI 
MMeeM CBOEOOPAasHbIii CLyYa OMHOBPeMeHHOFO THAporeHoH3a PypaHoOBoro UAK- 
jla HW 3aMbIKaHHA HOBOFO TeTPparMApodypaHoOBOorO KOJbia 3a CUET YIvepOAHbIX 
aTOMOB, TPH H3 KOTOPEIX COCTABJIAJIH B HCXOJHOM COeqHHeHHH OOKOBY}O Lerb. 
2To OGCTOATEIBCTBO OTKPbIBAeT IWHPOKHE BOSMOMKHOCTH CHHTE3A Pa3JIMAHbIX TO- 
MONOFOB TeTparuapobypana, TaK Kak CTpykTypa OoxoBoli wenn |-spypuiankaHo- 
JOB-3, ONpesenAloWlad CTPpyKTyPy BHOBb OOpasyrollerocA SaMelleHHOrO TeTpa- 
rufpotbypaHoBoro KOJIblla, MOXK€T H3MECHATLCA B 3ABHCHMOCTH KaK OT CTPOeCHHA 
KapOoHusIcofepKalleh rpynnbl B PypaHOBOM COeAHHeHHH, TaK MW OT CTPOeHHA 
amu@aTHyueckOro KeTOHA. 

Tvaporenomu3 dypakoBoro UuKsa, HeOOXOMMMbIH Kak MepBant cTaquA B 
mpollecce npespalienua |-cpypusanKkaHoNoB-3 B ToMOJOrH TeTparuypodypaxa; 
jlerKO MpoTeKaeT Ha Pa3/IMUHBIX KaTamusaTOpax, Cofep%xKawux metanibt VIII 
rpynnpl, Hanpumep, Ha Pt — C u cxenetHom Ni — Zn, a Tak2ke Ha CKesIeTHOM 
Cu — Al-xatanu3atope. B Hatimx onbitax Comee WHPOKO HCNOb30BaNCA Ma- 
THHHPOBAaHHbI yrosb. OCHOBHLIMH MOCOUHBIMH PeaKUMAMH, MPOTeKaIOULHMH Ha 
3TOM KaTaJIH3aTOPe, ABJIAIOTCH: a) H3OMePH3allHA OOPAasyIOWAXCA TOMOJIOFOB 
TeTparuspodypana B amucaTuyeckue KeToHb! (*), 6) oOpasoBanue | ,4-akaHAHO- 
HOB H B) ruApHpoBanne |-dypusanKaHosoB-3 B 1l-TeTparuspodypHlalKaHouBl-3. 
Tlepppie Be peakKUHH CTaHOBATCA BeCbMa 3AME€THBIMH IPH NOBBILWeHHbIX TEM 
nepaTypax (eEbile 250°), a noceqHAA, HAaOCOPOT, HMECT MECTO TOJIbKO TPH MO- 
HWKCHHbIX TemnepaTypax. Tugzpupopanne I|-pypunanKkaHonos-3 npn 220— 
240° oGbl4uHO JaeT TeTparuzpodypaubl c BEIxoamH 50—70%. IIpu 300° uz 1- 
dypunOyTaHona-3 O6pasoBaca 2-MeTHJI-5-A-NponHiTeTparHApoypaH C BBbIXO- 
om 30%. 

Konyencalnen dbypdypowa c aleTOHOM, METHJISTHJIKETOHOM MH MeTHJINPONMJI- 
KeTOHOM B IpuHcyTcTBuH pacTBopa NaOH uwamu OblH NOyYeHbI COOTBETCTBYIO- 
uve PypdypusHDeHMeTHAaIKHIKeETOHE! (I) c BbIxoqamu. 70—80%. Kounyzencattna 
dypdypona c JHSTHIKETOHOM MpoxofNa MeHee yJOBJIETBOPHTeIbHO: BbIXO] CO- 
@TBETCTBYIOWIero PyphypuineHKeToua (IV) coctapann 50—55%. 

Tuapupopanne dypypuiuenKeTouoB B 1-ypunanKaHompi-3 (II, V) npote- 
KaeT C BbIXOJOM Jo 95% B xHAKOH daze Ha cKeneTHOM Cu — Al-KaTanu3a- 
Tope pH 130—140°. onyuenupie l-bypuiankaHosb-3 o6nafanH cnelyouluMH 
CBOHCTBaMH: ’ 

1) 1-Oypun6ytaHon-3, T. Kun. 67—69° (4); dz hb, 0202; no 1,4754. 

2) 1-®ypuanentanos-3, T. kun. 77—78° (4); d>0 1,0023; n®° 1,4750. 

3) 1-Oypuarekcanon-3, T. kun. 97—98° (5); a> 0,9861; n%° 1,4707,. 

4) 1-Dypun-2-meruanentaHon-3, 1T. Kul. 98—100° (2); a 1,0587; 

n® 1,5663. 


luppupopanne |-tbypunankanouoB-3 mMpoBosusoch B napoBolt daze mpH 
HOPMAJIbHOM JlaBJIeHHH. PKUKve KaTaJIM3aTbl, MOyYaBWIHecA MpakTuYyecKU Cc 
KOJIMUCCTBEHHBIMH BbIXOJaMH, MOCJe€ BbICYINHBaHHA XJIOPHCTLIM KasbILHeM 
pasrOHAJIHCb Ha S@PeKTHBHOH KOJIOHKe MPH NOHWXKCHHOM JaBJIeHHH. Opakwuu 
COOTBETCTBYIONIMe TOMONOraM TeTparHApopypava, MeperonsmHch BTOpH4HO Han 
HaTpHeM H3 KOJIObI C AecberMaTOpoM Mp MOHWKeHHOM JlaBseHuH. Tlomyuen- 
Hble TAKHM OOpasom TeTparumpodypanb ob6maammn CJIEYIOULHMH CBOMCTBaMH: 
is 2-Metu.-5-x-mponusirerparuapody pan, T. Kum. 140—142° (755); 

d® 0,8380; n® 1,4200. MRp ualineno 38,72. C3;H,,0. Brrancaexo 38,59. 
2, 2-Sru-5-x4-npomusretparugpodypan, T. kuin. 60—61° (22); d20 0,8464; n20 
1.4297. MRp uatigeno 43, 38. C,H,gO. Baraucseno AS Dias 55 en Tee 
musITeTparuApodypan, T. kun. 54—56° (6); a> 0,8390; as 1,4290: MRp Haii- 
meno 47,98. C,,H,,O. Bpruucneuo 47,82. 
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Hatineno, %: C 77,23; H 12,90 
ECioH2oO. Bpruncseno, %: C 76,90; H 12,94 

4, 3-Mertun-2-sTH1-5-4-nponustetparuzpodypax, T. Kun. 67—67,5° (16); 
2° 0,8461; ni? 1,4312. Haligeno MRp 47,79. C,,H2,0. Brruncrieno 47,82 


Hatizeno, %: C 77,11; H 12,64 
{CioHooO. Buruncueno, %: C 76,90; H 12,94 


WnuctutyT oprannueckoli XHMHH J locrynua0 
uM. H. J]. Senuuckoro 25 VI 1959 
AkayemMuH HayK CCCP 


UMTHPOBAHHAS JIAMTEPATYPA 
1 W. Kaufmann, R. Adams, J. Am. Chem. Soc., 45, 3029 (1923); FJ. C loke, 
@. Ayers, J. Am. Chem. Soc., 56, 2144 (1934); als Val Senuuckuih, H. 
JAH, Ne 2, 60 (1933). 2 A. Lipp, Ber., 18,3275 (1885). ° IO. K. 10 p 


sauunes, C. H. Trozospukosa, 5KOX, 28, 2168 (1958). 
WY. ®. Beaspekuit, JAH, 120, 548 (1958). 
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Jloxaann Axagemun uayk CCCP 
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A. B. BPYKEP u K. M. MAJIKOB 


HOBbIM METOJ, NOJIYYEHHA BACMYTAPOMATHYECKHX 

COEJMHEHWMH OKMCJIEHHEM KUHCJIOPOJOM BO3JYXA 

CMECH APHJITHAPA3HHA HW TPEXXJIOPHCTOrO BHCMYTA 
B MPHCYTCTBUH XJIOPHOM, MEA 


((ITpedcm aeneno akademuxom H. JI. Kayxanyem I VI 1959) } 


SyeMeHTapoMaTHYecKHe COCMMHCHHA HCXOMA H3 ADHATMApasnHa uw HeopraHE- | 
yeCKOrO COSAMHCHHA COOTBeTCTBYIOWNero BIeMeHTa ObIIH BMepBbIe MOJIy4eHbl 
@Myutepom wu Ipxapyom (*). Ilpu okucnenuun denurHApasHHa OKHCbIO PTyTH 
B 9pHpHOM pacTBope uMH ObIa NOMyYeHa AupennsptyTp. Seize, Wlepaun u Bpac 
(2) npw oKuCaeHuM :beHuArHApasHHa yKCyCHOKHCJIONH PTYTbIO B YKCYCHOKMCION 
cpele B MPHCyTCTBHH MeAu HIM ee CoMeH NoyuHAM PyHHuMepKypHialletat. Bu- 
naHy u Mayenyar (3), okucaa (beHHITHApasHy PeHHJIMbILUbAKOBOHK HW AupeHH- 
MbILIbAKOBOH KUCMOTAMH, O.yIHIM Tpudenunapcun. ITlonbirku BbI-eIMTb 
MbILIbAKaPOMATHYeCKHe COSMMHCHHA MPM OKMCIeHHH PeHH/ITHApasHHa MbILIbA- 
KOBOM KHCOTOH ycnexa He uMeamu. Seige, HWlepnun u Bpac (*) npu B3anmojel- 
CTBHHM (eHHJI-HJIM TOJIMJITHApasHHOB B BOAHOM PacTBOPe C MBILIbAKOBOH KUCJIO- 
TOH B MIPHCyTCTBHH MedH HIM ee Come NO Y4HJIN CMeCb (PeHHJ- WIM TOMMIApCHH- 
oKcHya, AueHu- wuld AuTOMMMAapCHHOKcuya uU TpudeHu- HIM TPuTOMMMAp- 
CHHa. OTHM MeTOJOM OSIM NOyYeHbI N-xX0p-, N-6pom-, n-pTopdenus- u Aude- 
HHJIMBILIbaAKOBbIe COeMMHEHHA (°). 

TlonbirKu} BpieuTb MbIUIbAKapOMaTHYeCKHe COSqHHCHUA MPH OKMCICHHU 
nN-HUTpOpeHnuIrHApasHHa PaCTBOPOM MbBIIbAKOBOH KUCOTHI B MPHCyTCTBHU 
Meu ycmexa He MMe. 

B paOore Bpyxkepa u Maxuastesa (*) 0 pomu Mea mpH noJlyyeHHH MeTassI- 
apOMaTHYeCKHX CoeqHHeHHH Mo Aua30- HIM THApasHHoOpeaKUMAM MOKa3aHO, 4TO 
eCIH HCXOJHbIM MpOAyKTOM peaKUHH CYKHT HeopranMyecKoe CoeqMHeHHe 
MBILMbAKA, TO uA MOMYYCHHA MbILIbAKAaPOMATH4SeCKHX COeAMHEHHH HeOOXOHMO 
NIPHCYTCTBHe Me WIM ee COeH, CCIM Ke aPUMMPy!OTCA apomaTuyecKue CcoeLu- 
HeCHHA MbILIbAKA, TO PeaKUHA MpoTeKaeT UH Oe3 yYaCTHA CMelMasIbHOrO KaTaJu3a- 
Topa. 

TlonbITKH MOJY4HTh AHaOTHYHbIMA MyTAMH CyPbMAHO- WK BACMyTapoMa- 
THYeCKHe COSMHHEHUA aH OTPHMaTebHbIe Pe3sybTAaTbI. ITO, MO-BAUMOMy, 
MO?KHO OOBACHHTS, C OMHOM CTOPOHE, MAOH PaCTBOPHMOCTbIO CypbMAHOM, apHJ- 
CYPbMAHbIX H BACMYTOBBIX KHCJIOT B BOJe HW B OPraHHYeCKUX PaCTBOPHTeMAX, a 
c Apyro—3HauduTelbHO MeHbIlel OKHCIMTebHOM CMOCOOHOCTbIO CyPbMAHbIX HM 
BUCMYTOBBIX KHCJIOT MO CPaBHEHHIO C MbILIbAKOBBIMH. 

3 paHee onyOMKOBaHHbIX COOOWeHHAX HAMM OMMCaH HoBbIl MeTOA nowyye- 
HMA SJICEMCHTAPOMATHYCCKUX COCAMHCHHH, 3aK/IOUaIOWIMHCA BO B3aMMOJeHCTBUH 
aPHJITHApasHHOB C XJIOPHCTHIMM MPOH3BOAHbIMM MbILbAKa WM CYPbMbl B COuIA- 
HOKHCJIbIX PaCTBOPaX C IIPHMCHeCHHeEM B KaYeCTBE OKHMCJIMTeEA KMCMOpOsa BO3- 
AyXa B MIpWCyTCTBHH XMOPHOM Meu. OTHM MyTeM Opin NOyueHEI PeHH-, Wu- 
(PeHU-, TOIMI-, Haprus-, n-PproppexuscypbMaHbIe coequnenua (78). CyppmMaHO- 
aPOMATHYCCKHe COSMMHCHHA ObIIM TakKKe NOyYeHb! MpH B3anMoOselicTBuU de- 
HMJITHApasHna C MATHXJOPMCTOH CyPbMOM B COAAHOKHCJIOM pacTBope B IPH: 
CYTCTBHM XJIOPHOH Medu Mu KHCOpoga Boszyxa (°). MpmubaAkapoMaTu4eckue Co- 
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€HHEHHA ObIJIH MOJIYYeHbI OKHCJICHHEM KHCOPOfOM Boszyxa cMecn (beHumrHypa- 
3MHa HM TPeXXJIOPHCTOrO MbIIbAKa B MPHCyTCTBHM XJIOpHO Menu (°). Denna 
MepKYyPHAXJOPHA Obl nowyyeH pH BsaMMOseHcTBHH :beHuITHApasuHa u XOp 
HOH PTYTH B COMAHOKHCIION Cpefle B MPHCyTCTBHH xmOpHOH Menu (2°). B Hactos- 
weH paOoTe ONMCbIBaeTCA ONBIT NOMyYeHHA TPpupeHuBUCMyTa pH BsanMoel- 
CTBHH COJAHOKMCIOFO PeHHJITHAPasHHa C TPEXXJOPHCTLIM BHCMYTOM B MIPHCyT- 
CTBHW XJIOPHOH MeQM H KHCOpoya BOsLyxa. 

B OTKPbITOM cocyfle pacTBOpsIOT B pa3sOaBIeHHOH comaHOH KucmoTe (45 Ma 
HCl, d = 1,19, 1 600 ma Bogsi) 32 r Tpexxmopuctoro Bucmyta, 3 r x0pHoH Mea 
u 31 xXmopHoro xKenesa U MocTeneHHO Np NepemelMBaHHU NnpucHatwT 43 r 
commHOKuCIOrO deHuTHApasuna. Ilocne 16-yacoporo nepemeliuBaHHA K peak- 
WMOHHOH CMecH 2oOaBJIAIOT BOLHEIH pacTBop aMmuaka (25%) To menouHO peak- 
wun. BriqerHBluMica mpu STOM OCaMOK OTCACbIBaIOT, CyLIaT Ha BO3yxe Hu 9K- 
cTparupytoT xopodopmom. H3 xnopotopmeHHoro aKcTpakTa Nocse yaeHnA 
pacTBopuTeia nomyuator 10 r BellecTBa c TemnepaTypoH mnmaBseHua 75°. Tlo- 
ce NepeKPHCTaINH3aHH M3 MeTHJOBOFO cnupTa BbifemsioT 8 r BelllecTBa, AB- 
JIAIOWerOcA TPHpeHHJIBACMYTOM, NylaBAleroca mp 77—78°. Ilo mntepaTypHbIM 
J\aHHbIM, T. mi. 77° (37), 

B paHee onyOHKOBaHHBIX cooOmeHHAX (1") mpeox%KeH MeXaHH3M OOpa3soBa- 
HMA MBILUbAK- H CYPbMAHOAPOMATHYECKHX COeAMHEHHH MO Anaso- MH rHApasu- 
HOPeakUHAM, KOTOPbIM MOKET OBITh NPeNCTAaBJIEH CJIeAYyIOMLMMH ypaBHeHHAMH 


CuCl, 
uCl ArNoX + 2H,0. 


ArNH — NH2-HX + Op 


B WeNOUHOK cpefe nH 


ArN2X + MexX3 = ArNoX MeXs = ArMeX, + Ne, 


B MIpHcyT. MeTa0B 


pasyiomeHue B 


ArN2X a MeX3 = ArNoX -MeX3 cscs ArMeXg a Ne, 


NpHCyT. BOCCTAHOBHTeC IA 


/ pa3sIowKenve sis Ar,.MeX3 + Ne 
NeX + ArMeX2— ArN2X-ArMeX 
Ar oX + ArMeX.— ArNo rMe aN pasmomeHue B _> ArgMeX + No, 


NipuHcyT. BOCCTaHOBHTeNA 


pa3JIO*KeH HE 


7 = ArgMeXo — No, 
ArNoX + ArgMeX — ArNeX -:ArpMeX < 


passIomeHHe ae ArgMe + Ne 
B NpHCyT. BOCCTAHOBHTEIA 


ARSON Tet HOO ¥ 
| | [MeX,4]- > '[ArN =N— MeXs]* X- > ArMeX4-++ No. 
N 
ing I 
Tlepexon I Bo II katamusupyetca npucyTcTBHeM Meu (HIM Apyrux MeTaJ- 


JIOB), KOTOPaH OTMaeT OHH BJIEKTPOH a30TY HU BOCIIPHHHMaeT ero OT Me- 
TaJlJia. 


ste booty 
at Ar — ns — [Ar — N = N— MeXs;]*X- — ArMeX,-+ Nz. 
| 
N Cu 
an 
MeX,” 


O6pasoBaHuve TpudeHHBucMyTa H3 deHWITHApasHHa u TpexxJOPHCTOrO 
BHCMYTA B IIPHCyTCTBHM KHCIOpOfa BO3LyxXa HW MEM MMEET MHOFO OOlero C Me- 
X@HH3MOM OOpa30BaHHsl MbILWbAK- H CYpbMAHOapoMaTHYeCKHX CoesHHeHHH. O6- 
mee COCTOHT B TOM, 4TO H B 3TOM CJly¥ae MPOHCXOANT OKHNCIeHHe apuurHy- 
pa3sHHa KHCOposoM Bo3skyxa Jo XsOpHCTOrOo deHuquasoHNA; nMocieqHHH 
B3aMMOfeHCTByeT C TPeXXJIOPHCTbIM BHCMYTOM H C OOpa30BaHHeM ABOHHbIX 
COeHHeHHH, KOTOPbIe BOCCTAHABJIMBAIOTCA aPHJITHApasHHoM Cc OOpa3s0BaHHeM 
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2 SS 
BUCMYTapOMaTHYeCKHX CcoequHeHut. OTM4Me 3aKIO4aeTCA B TOM, 4TO XJ10- 
pucTeli cbeduiqua3z0nu Cc XJIOPHCTSIM BHCMYTOM B STHX YC/IOBUAX He Naer 
MBoubIx coequnHesul Tana ArNeX -BiXs, a mosTOMy He yaeTCA BbINeMTb 
NepBH4Hble WIM BTOPMYHHIe BACMyTapOMaTHYeCKue CcoeqMHeHHA. OOpas0BaB- 
ueecd B JlaHHOM cay4ae jBoiHoe coequnenue (ArNeX)s -BiCls c pexuuru- 


pa3vHoM oOpa3syeT TpueHAJIBUCMYT. 
Tloctynuio 
28 V 1959 
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Woknsane Akagemun nwayx CCCP 
1959. Tom 128, Ne 5 


XHMHA 


M. E. BOJIBTIMH, B. TF. AYJIOBA u 4nen-Koppecnongent AH CCCP Jl. H. KYPCAHOB 


OBPASOBAHHE TPOMMJINA MPH AEACTBHU 
MOHOrAJIOKAPBEHOB HA BEH3OJI 


HeyaByo Hamu OblIo foka3aHO, YTO MpH TelicTBUM Ha COM TponMIMA Nepe» 
KWCH BOOPOZa MPOMCXOAUT 2IMMUHUPOBaHHe OAHOTO aTOMAa yrviepowa c OOpa- 
30BaHHeM OeH30a (1). | 
- Oyuako oOpatHad peakiua — pacuimpeHue OeH30bHOrO WHKa Cc O6paso- 
BaHHeM KaTHOHA TpOMMNMA JO cero BpeMeHH Heu3BecTHa. Mmerlorca JIMIb KOC- 
BeHHbIe JaHHble (pacnpesemneHue JelTepuaA B NpoAyKTax peaKWHHu), Ha OCHOBa- 
HWM KOTOPBIX MOKHO MOsaraTb, YTO B ra30BoH cba3e MPH CTOJIKHOBCHHH C 31eK- 
TPOHAMH B MACCIEKTPoMeTpe H3 eHTepHPOBaHHBIX MOHOAJIKHGeH30JI0B OOpa- 
3yeTCaA He O€H3HJIbHbIH, a H3OMePHbIM EMY TPOMHJMeBbIH KAaTHOH (?). 

Ham yilasocb m0Ka3aTb, YTO MpH AelicTBuN TpeT.-O6yTuaTa Kamua Ha CHeClo, 
CHe2Bre umn CH2J2 B cpese GeH30a c nmocmeLyrolleH OOpa6oTKOH GpoMucTHIM 
BOJOPOOM BO BCeX CuIy4adx OOpa3yloTcA HeOobUIMe KONHYeCTBa OpoMHCTOrO 
TponusuA. ITO MoxeT ObITh OObACHEHO MPOMeXKYTOUHLIM OOPa3s0BaHHeM MOHO- 
ranoKapOeHos CHX u ux B3aHMOJeHCTBHeM C 6eH30JIOM NO CxeMe: 


CH2X2 + CaP'9OK > CHX + CaH9OH + KX, 


ees. '9 


OCs | yee ~ 
+ CHX ——> pos oh de) i @: 
b x poe : A 4 Mi 


OnbiTbl, MPpOBeAeHHbIe B Pa3JIMUHbIX YCJIOBHAX, MOKa3aIH, YTO KOHIeHTpa- 
UMA MCXOJHBIX BeWICCTB H MPOAOJMKUTEIbHOCT peaKIHH He OKa3bIBalOT CyLe- 
CTBEHHOrO BJIMAHHA Ha BbIXOA OpomucToro TpomusHA. C NOBbILIeHHeM Temme- 
WaTypbl BbIXOA TPONMMUA HECKOIbKO BO3pacTaeT. Kak M3BeCTHO, B NOCeqHHe 
TOXbI Goubiloe YACIO paOoT NMOCBALIeHO H3y4eHUIO peaKUHH AMraloKapOeHoB 
CXe2, o6pasy!olluxca Mp ULeOUHOM ruApomu3se ramodopmos (cM. oOsop (%)). 
OjHako U3y4eHHad HAMM PeaKUUA ABJIACTCA MePBbIM CyyaeM, Kora OTMeYeHO 
OOpas0BaHHe He3aMeleHHbIX MOHOraloKapOeHoB. 

B To BPe€MA KaK CKOPOCTb aJIKOPOJIM3a TaJIOHHbIX MCTHJICHOB, 10 MeXaHH3My 
Sn2 BospactaeT B padqy CHeCle <CHeBre <CHeJe (*), BErIxo CoM TPONKMIMA 43 
6eH301a yBeIMUMBaeTCA B OOpaTHOH mocmefoBaTembHocTH CHeJe<CHeBre< 
<CH2Cle. Sto cormacyerca c JaHHpimu Xalina (5) oTHOCHTebHO serKocTH OOpa- 
80BaHHA uramoKapOeHOB H3 TraJO*OpMoB. 

TakuM oOpa30M, Ha OCHOBaHHH NOJIYYeHHbIX JaHHbIX MOXKHO N0JlaraTb, YTO 
ANIKOFOIH3 TaOHAHbIX METHJICEHOB YACTHUHO MPOTeKAaeT C IPOMeXKYTOYHBIM OOpa- 
30BaHHeM MOHOramoKapOeHoB CHX. IIpu mpucoequHenun nocieqHuXx K OeHsouy 
OOpasylOTCH COJIM TPOMWIHA, YTO ABJIACTCH Me€PBbIM MPHMePpOM HeMmocpeAcTBeH- 
HOTO mpeBpallleHua OeH30/a B COM TPONHINA. 


QIKcNePpUMEeHTANMBHAA YACTSH 


BsauMofetcT3; nejJOen3007a C XMOPUCTHM METH Te 

HO Me 
a. B xunsamyto cmecb 8,4 r (0,075 moma) cyxoro Tper.-OyTHaTa KaJINA (He 
SoepxKaulero TpeT.-GyTunoBoro cnuptTa) u 200 ma a6c. OeH30a mpH Nepe- 
MelIMBaHHH npHOaBnamn 19,1 r (0,225 mona) xopuctoro meruseHa. Ilo oKoH- 
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yaHHH MpHOaBleHHA CMecb nepemelmBan pH 60° B Teyenue 4 4ac. Ha cae- 
iol eHb 3arycTeBIy!O CBETOKOPHUHEBYIO MACCY OTPHIbTPOBLIBAJIN, (PHJIb- 
TpaT yiapHBalu B BakyyMe, nocme Yero B pacTBOp MponycKaIM TOK Cyxoro 
6pomuctoro Bofopoga. BpmaBwinu ocaqoK OTHIbTPOBbIBaIH, MPOMbIBaJM 
aOCOJIOTHBIM GeH30JIOM H BICYIUMBaIH B BakyyMe. Ilonyueno 0,24 r OpomuctTo- 
ro TponHiMA, YTO cocTaBsaeT BEIXOA 1,9% Bpacuere Ha (CHs)sCOK. Honyuen- 
HO€ BeLECTBO PaCTBOPHMO B BOJe H Mocae OOpadoTKu OuKapOOHaTOM HaTpHA 
HW U3BIe4YeHHA 6CH30JIOM BHOBb OCaxkKaeTca OpomucTEIM BOLOposom. M3 BosxHoro 
H CNMpTOBOrO pacTBopoB mpH AelicrBuu HePtCl, ocawfaeTca xmopniaTHHaT 
Tponusua. Undpakpacupii uv yabTpacvoueroBbiit cueKTp OpomucToro TPONHHA 
WICHTHUHI C NOMyYeHHbIMU JlepuHrom u Hoxcom (°). 

6. K cmecu 10,7 r (0,095 moma) Tper.-6yTHiaTa Kanua Hu 200 Mi OeH30Na 
npHOaBiann mpu 20° wu mpu nepemetmuBanun 15,3 r (0,18 mona) CHeCle B Te- 
yeHue 30 muH. Peaki\MoHHYy!O Maccy mepeMeluMBaIH B TeyeHHe 7 Hel, noce 
yero BbIJCIHBIUMHCA OCaOK OTJeIAH WH B PUIbTPaT NpoNyckasM TOK Cyxoro 
6pomucrToro Bogopogza. BrinaBwiui ocayok o6padaTEIBaM BOOM WM BOAHBIM pac- 
TBOP NoduwerayuBaiu OukapOoHaTOM HaTpHsA. OOpa30BaBliMiica JMTpOMMIO- 
BI Sup H3BeKaIH SOeH300M. I]ponyckaHnem HBr B OeH30J/IbHbIM PacTBOp: 
BbIeeH OpomMucTli Tponuiuu, 0,16 r, BEIxog 1,4%. | 

BsanMogeuHcTtBue OCHB0NA COPOMHCTHM METH JC 
HOM. 

a. K cmecu 11,2 r (0,1 mona) Tpet.-6yTunata Kamua u 200 ma OeH30N1a 
npu 6° npu6aBiaiu B TeyeHHue | 4aca mpu nepemetmMBaHHu 26 r (0,15 moms) 
CHeBre. Mocne npu6apneHua nomoBuHb! CHe2Bre cmecb 3arycTema H Oblwia pa3- 
6apyeHa 200 ma 6eH30na. Ilo okoHYaHHH mpHOaBneHua CH.Br, cmecb | yac 
nepemelimBau pH 6°, 3arem 2 AHA MpH KOMHATHOH Temnepatype. Ilocae 
oOnluHOH O6pa6oTKH BHIemeHO 0,035 r 6pomucToro TponusHA, BHIXoA 0,2%. 

6. H3 8,9 r (0,08 mona) Tpet.-6yTunaTa Kaun, 27,8 r (0,16 mona) CHeBre 
u 200 Ma 6eH30a IPH KOMHATHOH TemnepaType nosyueHo 0,06 r 6pomuctoro 
TponusHA, BEIxXOD 0,4%. 

B. M3 11,2 r (0,1 mona) (CHs)sCOK, 22,6 r (0,13 moma)CH,Brz u 200 ma 
OeH301a, IPH KuneHHH OeH30Na, MOMyYeHO 0,2. r 6OpomucToro TpomuHA, BLIXOL, 
L2G: 

B3auMofeHcTBUuUe Oe€H3007A C HORUCTHM MECTHA CG 
HOM. M3 10,3 r (0,09 mons) Tpet.-OyTunata kanun, 44,4 r (0,17 mona) CHeJe 
u 200 Mia OeH301Ia Np KOMHATHOH Temnepatype nomyyeHo 0,015r 6pomuctoro 
TponMIMA, BHIXOL 0,1%. 


YUHCTHTYT 9JIEMeHTOOpraHHyeCKHX COoeMHeEHHH Tlocrynuso 
AxkajlemMHH Hayk CCCP 29 VI 1959 
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XHMHA 
| tO. A. )KJJAHOB, TF. B. BOF AHOBA u A. H. YYBHJIEBA 


HCCJIEJOBAHWSA CBOHCTB YI JIEBOHOM 4ACT 
' €-3AMELQEHHbIX MOHOS : 


(ITpedcmaeazeno axademuxom A, H. Onapunom 5 VI 1959) 


Jio HacTOAUero BPeMeHH IPH H3yYeHE.h yrepo3aMelleHHbIX CAadapOB OCc- 
HOBHOe BHHMAHHe HCCylesoBaTeeH ObliIo CocpeOTOYeHO Ha CBOHCTBAaX HM MmpeBpa- 
WCHHAX AlIOKOHOBOH YaCTH MOJICKYJIbI, B Pe3yJIbTaTe YIeBOAHOMY PaluKasly 
yAeAIOCb MaJIO BHHMaHHA. OcHoBHad Macca C-3aMeleHHbIX MOHO3 nosyyeHa 
B PopMe ALeTHJIHPOBaHHbIX MPOHSBOAHIX, YTO CeLyeT M3 OObINHOFO Cnocoba UX 
CHHTe3a, BKJOUAIOWMero 3aBepWialolllylo cTaquIO alleTHIMpoBaHUA. B oryesbHbIx 
cmyuaAx ObIH NOJyYeHbI WesalleTHJMPOBaHHble H METHJIMPOBAHHble MpPOLYKTHI 
(?, *). 

CrpeMsACb BOCNOJIHHTb STOT NpOOe, Mbl NPeANPHHAJIN HCCeLOBaHUA CBOHCTB 
yraeBoHoH uacTu C-3amelleHHbIX MOHOS. Ja STOrO B TepByl0 oYyepedb OBI 
W3yYeHbI METOAbI NOJYYCHHA YHCTHIX We3aleTHJIMPOBAHHbIX MpPOM3SBOAHbIX. Han- 
Gostee MEPCNeKTHBHbIM OKAa3aJIOCb 3eCb Je3alleTHJIMPOBaHHe B aOCOJIOTHOM MeTa- 
HOIe C MOMOMIbIO Cyxoro aMMHaka. OTHM cnocoOoM Oplwim nomy4eHbi |-cbeHns- 
l-qe30Kcu-KcHsi03a, 41-n-aHu3us-1-qe30KcH-riioKo3a,  1-cbeHus-1-qe30KcH-ra- 
NlaKkTo3a. CHHTe3MPOBaHHble MPOAYKThI! OblvIM HCNO/b3OBaHbI AIA MNPHTOTOBeHHA 
PaHee HeH3BeCTHbIX Oe€H3OHJIMPOBaHHbIX MPOH3BOMHbIX MOU, WeHCTBHH Ha HUX 
XJIOPHCTOrO OeH30Ha B NHPHANHe. 

Ilyrem 3aMeHbI NepBHYHOH cnupToBoH rpynnp B 1-enua-1-qe30Kcu-rit0- 
KO3e yaJIOCb NOJIYYHTb TPHTHJIbHOe MH TO3HJIbHOe MPOHSBOHEIe. 

IIpu okucneHuu a30THOH KucnoTOH |-eHus-1-qe30KCH-rOKO3bI Oblyia CHH- 
TesupoBaHa 1-eHus-1-qe30Kcu-d-riiOKYPOHOBaA KHCIOTa, KOTOpy!O yAoOHee 
HauMeHoBaTb 6-cbenus-/-rynoHoBoH. McxoyA u3 JaHHbIX aHamu3a, a TakxKe yuH- 
TbIBaA CTPeMJICHHe aIbNOHOBLIX KHCJIOT K OOPa30BaHHl0 Y-JIaKTOHOB, TMOsyueH= 
HOW KucsOTe CuIeLyeT IPHNUNCaTh Popmy.1y 


0G 
id 
HOCH A 
HOCH | 
| 
Hee 
| 
HOCH 


| 
CH(OH)CeHs 


QIKcCNePHMeHTAMABHAA YWACTSL 


l-penua-l-tesokcu-kcuao3a. 2r (0,006 mona) 1-cenni-1-ze3- 
OKCH-2,3,4-TPpHalleTHJI-KCHJIO3bI, MOJyYeHHOH MO paHee ONMCaHHOMY MeTO,y 
(?), pacrBopsuucb B 100 Ma a6c. MeTaHoma. PacTBop np oxsa%KeHHH JIbXOM Ha- 
ChIlavicd aMMHaKOoM (mpuBec 14,6 r), noce 4ero OcTaBAANICA Ha CyTKH. Jlanee 
pacTBop ynapuBasicAd Ha BOAAHOH OaHe, CyxOW OCTAaTOK OOpabaTHIBaJICA TEMJIbIM 
S*PHPOM AA ylaeHHA alleTaMuya H MepeKPUCTAMIM3OBbIBAaJICA H3 MeTHJIalleTata. 
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Burxog 0,91 r (73% Teopun). 1-DeHus-1-qe30KcH-KCHI03a NOyueHa B BULLE 6e- 


JIIX ura uC T. Ha. 148—148,5°. BeuecTBo onucbiBaeTCA BIMepBBIe. 
Hatineno %: C 62,77; 62,62; H 6,86; 6,749 . 
Cy1Hy4O,. Burancneno %: C 62,86; H 6,67 


l-Oenual-resoKcu-2,3,4TpHOeH3S0HIKCHNO3Aa. | T 
(0,005 mow.) CHHTe3HpOBaHHOH ykKa3aHHbIM ciocoboM 1-cbenuu-1-e30KCH-KCH- 
o3bl pacrBopsvica B 10 Ma MMpHaANHa, uM pacTBop HarpeBasca Jo 100°. 3aTen 
npHOaBasnuch 5 ma (0,04 Moms) xmopucToro OeH30ua, Moce Yero pacTBOp Ha 
rpeBaJicn B TeYeHHe OAHOrO 4aca mp TemMepatype oKosIO 100—105°. Sarem pe- 
AKILMOHHAA CMeCb OXaKalacb, H U3ObITOK XMOpHcTorO OeH30uNa pasmarasica 
joOaBseHvuem abla. Tlocne storo RoGaBaasoch 100 Ma Quxsopstana, uM Moy4eH- 
HbIli paCTBOP WIA YAaeHHA NMPHOMHA TUWLaTeIbHO MPOMbIBaJICA XOJOAHOH BO- 
Kol, 3-HopMasbHOH CepHOH KUCIOTOH, a3aTeM XOJIOMHBIM HACbIULCHHIM PaCTBOPOM 
mpyyraekucnoH cofp. uxmopataoBasd BbITAKKAa CyWIMach Hak CysbPpaToM 
HaTPHA HM OOeCIIBeEYMBaaCh yrsleM, Moce Vero PaCTBOPHTEIb yWaAJICA B Ba- 
KyyMe (BoJoctp yiiHbIit Hacoc) mpu 50° to oOpasoBaHua ryctoro cupona. 

Tloce nepeKpucTamiu3allun 43 aOCOJIOTHOFO STHJIOBOrO CnupTa ObWIO NOMy- 
ueno 1,57 r (63,5% Teopuu) OeclBeTHoro KDpuCcTamMuecKoro mposyKTa 
cT. mi. 168°. BeulecTBo onucbiBaeTcA BIepBble. ~ | 


Hafineno, %: C 73,23; 73,443 H 5,19; 5,14 
Cg2H,,O7. Baruucneno, %: C 73,56; H 4,98 


l-n-Anusui-l-ye30KcurawKo3a. JlesayeTumupoBaHue 1|-n-aHH3HJ- 
1-qe30Kcu-2, 3, 4, 6-TeTpaalleTUJI-r1I0KO3bI MPOBOAHOCb MO MeTOAHKe, ONMCaH= 
HOM HAMM JIA anamorMyHoro 3aMelleHHOro KCuso3bI. M3 2,57 r (0,006 moma) uc- 
XOAHOrO MpoxyKta Obino nomyyeHo 1,47 r (93% Teopuu) AesalleTHIMpoBaHHOrO 
BelleCTBa, KOTOPOe MOCuIe MePeEKPHCTAIM3aLMN U3 MeTaHOJIa HMeJIO T. MI. 225°, 
BelllecTBoO OMHCbIBaeTCA BIepBble. ; 


Hafimeno, %: C 57,45; 57.75; H 6,75; 6,86f} 
Cy3H1g0,. Brtuncneno, %: C 57,78; lis fe 18)-(av7s 


Jl-AnususlgqesoKkcu2,3,4,Terpad6eH30HITAOKO3A., 
Bexsonupospanue 1-aHu3uu-1-qe30KCH-r10Ko3bl MPpOW3BOXAWOCb ONHCaHHbIM 
cmoco6oM Cc MOMOLI{bIO xJopHcToro OeH30n7a B Mupugune. M3 | r (0,004 mona) 
MCXOMHOrO BelllecTBa OblvIO Noyy4eHO 2,35 r (92,5% Teopuu) 6eH30HJIMpOBaHHO- 
TO MpokyKTa, KOTOPbIM Nocwe MepekpucTaIM3alHH U3 adc. ITAHONA UMeA 
T, ma. 148°. BenjecrBo onucpipaerca BnepBpie, 


Hatneno, “9%: C7182: Fei o42- Stor 
Cy1H340j9. Beruncneno, %: C 71,72; FH 4,96 


l-Denuuua-lqes0kKcuTanaxtTosa. JiesallerumupoBanne UCxol- 
HOro TeTpaalleTaTa MpOBOAHOCb No onucaHHoH metognke. V3 4,46 r (0,012 mous) 
HCXOHOPO BelllecTBa OblIO MOJLy4eHo 1,71 r KpucTammuyecKoro mponyxKta (65,3% 
Teopuu) c T. na. 132°. BemecTBo onucprpaerca BrepBbie. 


Hatigzeno, %: C 59,87; H 6,93; 
Cy2H.05.f Bprunceno, %: C 60,00; H 6,67 


1-®*e nu sm-l-le30Kcu-2,3,4,6TreTpadOeH30HATANAKTOBA. 
B pesybrate OeH30HIMpoBaHHA NO ONMCaHHOl MeToguKe | r (0,004 moma) 1- 
cbenuu-1-e30Kcu-ranaKTo3b nomyyeHo 1,83 r (95,8% Teopuu) KpucTannuec- 
KOrO OeH30M/INpoBaHHOro mposyKta c T. nu. 40°. Bemecrso onucprBaercs Brep- 
BBIe. RE: 


Send erie! 
Hatigeno, %: C 73,41; 73,37; H 4,78; 4,64 
; _ CyoH3209. Batuncneno, %: C 73,17; » A 4,88 


I-Deuuus-l-lesoKxcu-6TpuTusrrawoKo3sa Ir (0,004 moma) 
]-benu-1-Je30KcH-Tii0Ko3bI_ pacTBopsica B 5 MI MHpHquna, K pacTBopy 
AoOaBnanoch 1,2 r Tpucexumxnopmerana. Tlocne Bpilep>xKunanua B TeveHue 
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yX Aue MPH KOMHATHOM TemmepaType pacTBop oxmaKMasICA JIbJOM H K Hemy 
HKalbIBasacb BOMa NO nomMyTHeHuA., Uepes nomuaca HempepbIBHO OXwaxKae- 
bIM PacTBOp BblIMBaICA BOO MA JeAHOK BOAbI, MPH ZTOM BbI-emIANICA TycToH 
pon, KOTOPbIM OOpadaTpIBasICA BOJOH M pacTBOpsAJICA B MeTaHose. Hepacrso- 
MbIii TpupeduAKapOuHON OTPHJIbTPOBbIBaICA, (PUMbTPAaT yUaPpHBaJICA Ha BOLA- 
oH OaHe, CyXOH OCTATOK MepeKPHCTA/VIM3OBbIBAICA 43 MeTaHoua. Buixog 0,5 r 
25% Teopun). 

1-Denn-1-qe30Kcu-6-TpuTus-rmt0KO3a MpescraBsaer coOot Gemblit KpucTan- 
MYeCKHH NOpowiok cT. m1. 110°. BeuyecTBo omucpiBaeTca BIepBble 


Hatiqeno, %: C 76,98; 77,23; H 6,47; 6,32 
*Csi1H3005. BpruncieHo, %: C 77,17; H 6,62 


Il-Peuuus-l-Re3so0Kkcu-6-TO3suurawoKoO3a. K pactsopy 0,5 r 
, 002 Mona) 1-cbeHua-1-ne30KcH-ratoKo3bI B 10 Ma napHauHa mpHOaBAOch 2 Tr 
Ol Moma) n-Tomyomcyibdoxsopufa. PactBop BblqepxuBalca 2 4aca BTepMo- 
are mpu 30° u ocraBaaca Ha Houb. [Ipu BblmuBaHUM pacTBOpa B BOL TOSHJIN- 
OBaHHbIM MPOLYKT BbILeIAJICA B BUe CHpona, KOTOPbIM SKCTParMpoBaJcA XJOpo- 
OPMOM. XsopotopMeHHAaA BbITAKKA BHICYWIMBAIACh Hal XJIOPUCTHIM KaJIbILHeM; 
ocie HCMapeHUA PacTBOPHTeIA HM MepeKpHCcTaNMMsallMH w3 aOc. 9TAaHOMAa No- 
yueHo 0,47 r (57% tTeopuu) KpucTanmuyeckon 1-denus-1-qe30Kcu-6-ToO3HI- 
AIOKO3bI, pasmaratouleica mpu 165—170°. IIpu onpeyenenuu ceppr no MeccuH- 
apy HalimeHo S 7,62% (BpruucneHo S 7,80%). CoequHeHve pacTBOpuMo B MH- 
aluHe, cnuptTe, xmopodopme. BewlecTBo onucbIBaeTCA BiepBEle. 
6benumlryto0oHoBad KuCAOTA. PactBop 2,2 r (0,009 MOJIA) 
~(peHui-1-qe30KCH-rOKO3bI. B C€MHKPaTHOM KOJIMUCCTBe a30THOM KHCJOTHI 
ya. Bec. 1,15) ocraBaaauM cToATb 38 Yac., MocMe “ero ynapuBayH Ha BOAHOK 
aHe JO KOHCHCTeHILMM Cupona. Cupon pacTBopsAca B HeEOOMbIIOM KOJIMYeCTBE 
OAbl H BHOBb ymapuBauca. Ilomy4eHHoe BellecTBO SKCTParHpoBaOcb MeTHalle- 
ATOM, PacTBOp yMapuBasicA Jocyxa, u OCTaTOK NoABepraicaA NOBTOPHOH obpa- 
OTKe a30THOH KHCOTOH mo OmMcaHHoMy cmocoOy. Odpa30BaBlIMicaA aKTOH 
MCIOTbI H3BIeKaICA MpOAOKUTeMbHOM SKCTpakUMeH KunALuM acpupom. Ilo- 
ne OTTOHKM 3pupa Momy4eH JaKTOH B Bue FycToro mpo3payHoro cupona. 
BIXON 0,5 r (22% Teopun). 

BeulecTBo pacTBOpuMo B Bose, 2pupe, MeTHJalleTaTe, NHPHAMHe, 2TAHOIIE; 
epacTBopuMo B OeH30ue, Tomyone. J,aerT HepacTBopuMy!O <BHHIOBYIO COub. 


Halineno,{[]%: C 56,43; H 6,06 
CigHy40g.f Beraucaeno, %: C 156,69; H 5,90 


‘IIpu turpopauuu Wel0ubio Halied KMCAOTHDIH “9KBUBAJeHT, paBupil 248 
BBIUHCIeHO 254). BetlleCTBO OMHCHIBaeTCA BIePBEIe. 


: =“ PocroscKuli-Ha-Jlony } € ‘locrynuno 
TrocyapCTBeHHbIM yYHUBepCcuTeT a 5 V 19597) 
UUMTMUPOBAHHAA JIATEPATYPA 


1 Ww. A. Bonner, Adv. in Carbohydr. Chem., 6, N. Y, 1951, 2? 10. A. Kano s, 
en. xuM., 25, B. 9, 1165 (1956). 
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Jloxxann Akagemun nayr CCCP 
1959. Tom 128, Ni 5 


XHMHA 


B. B. KAM30JIKHH, uaen-Koppecnonyzent AH CCCP A. H. BALIKHPOB, 
K. M. COKOBA u T. fl. AHJ]PEEBA 
( 


O COCTABE KETOHOB, OBPASYFOLIAXCA MPH )KUAKOPA3SHOM | 
OKHCJIEHHHW x-MAPA®HHOBBIX YPJIEBOJOPOJOB 


B npeapiaqyuiux ucceqopanuax (1°) Hamu Obl0 NMOKa3aHO, YTO MPH OKHCUE: 
HHH H-llapaduHOBbIX yIJIeBOLOPOAOB MOJICKYJIAPHbIM KHCJIOPOJOM B KHAKOK ase 
B MATKHX YCJIOBHAX (OKHCICHHe a30THO-KHCJIOPOAHOH CMeCbIO, COslepKalllet 
3,0—3,5% Kucnoposa) B MpHcyTCTBHH OOPpHOH KHCJIOTHI TyiaBHbIM MpOyKTON 
peaKUHH ABJIAIOTCA BTOPHUHbIC CHUPTbI HOPMaJIbHOTO CTPoeHHA, OOsaaroulHe 
TeM 2K€ UHCJIOM ATOMOB yrvlepola B MOJIe€KysIe, YTO HM HCXOHbIN yreBoLopog 
npelcTaBiaiollue CoOoH CMeCcb BCe€X BO3MOXKHBIX H30Me€POB MOsOKeHHA THAPO 
KCHJIbHOH rpynnbl. 

B kayecTBe NOOOYUHBIX MPOLYKTOB peakIHu Mp AaHHOM mpollecce oOpa3yt1or 
CA COCIMHEHHA C KapOOHHJIbHOH rpynnok, KHCOTHI H MHOTOdyHKUHOHAbHBbI 
COe¢AHHEHHA; H3yYYeHHe UX COCTABa MH CTPOCHHA MOXET LaTb JONOJIHUTeJIbHbIC aH 
Hble JIA BbINCHCHHA MCXAHH3Ma KHAKOMA3HOrO OKMCJICHHA H-NapadpHHOBbIX yr 
JICBOAOPOAOB MOJIEKYJIAPHbIM KHCIOpofqom. Tak Kak KapOOHWJIbHble CoeAMHEHHS 
COCTaBJIAIOT 3HAYHTEIBHYIO JONI0 OT OOMIero KOMMYeCTBA NOCOUHBIX MpPOLyKTO! 
peaklWHH, TO MbI OOpaTHJIM BHUMAHHe B TepBy!O OUepeb Ha H3yYeHHE COCTAaB: 
H CTPOeHHA KapOOHHJIbHbIX CoequHeHHH. B KayecTBe HCXOAHOrO MpoLykKTa Opt 
MCNOJIb30BaH A-rekcafeKaH, KOTOPHIM uMen T. KH. 105,5—105,7°/1 MM 
np1,4344, d,° 0,7732; tT. xpucr. 16,6°. 

OxucyieHue H-rekcaJlekaHa MpoBoM0Ccb B MpHOope, OMMCaHHOM Hamu pa 
Hee (?) a30THO-KHCJIOPOAHOH cmecbI0, coxepxawieH 3,5% Os npu TemnepatTyp 
165—170° B TeueHve 4 ac. qoOaBiamH GopHolt KucnoTE 5% oT ucxogHor 
yruepowopona. YembHbI pacxoX mofaBaemoro JIA OKHCeHHA La3a CocTaE 
asst 1000 a/kr yac. 


Ta6auua 1 


XapaktTepucTuka OKCH]ATOB, NOJIYYCHHbIX MPH OKHCCHHH H-TeKcayekaHa 


OKCHEPUMeHTaMbHO HaliWeHHble BeHUHHEI Pacnpefemenue MpOAYKTOB B OKCH 

fate, Mon. % 
OGuree conep- cnupTn |coequHeH} 
KUCJOTHOe adupHoe THApO- KapOo- | xanne yuk- | KHCIOTEI CBO- \cpo6oqubie | c Kap6o 

H 6 es 

yHCHIO qHCO ah aay toned CA see ne ro: be u raider ane 
8,6 12,6 9557 30,4 2,85 13,26 67,73 19,04 
oll Vy SES 29,0 Del 12,96 68,16 18,88: 
2,0 1G, 0 94,7 Brandl 2,95 13,40 67,20 193i 
5,7 ADS 94,4 28,0 Pee 14,92 69,70 18,24 
5,0 An) 95.8 30,4 2,86 NPS 68,85 18,79 


TlonyueHHble Ip OKHCJCHHM OKCHJaTbI UMeIM NOKasaTemM, npelcTaBseHHE 
B TaO. 1, 43 KOTOPOH BUAHO, YTO B Mpollecce OKHCIeHHA H-TeKcajleKaHa B MA 
KHUX YCJIOBHAX B MPHCYTCTBHH OOPHOK KUCOTHI Hapsy Cc APyrumu MposyKran 
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KHCJIGEHHA OOpasyloTCA CoeqMHeHHA C KapOOHHJIbHOH rpynno, KOMu4eCTBO 
OTOPBIX CocTaBlseT ~19 Mon.% oT OOuero KOIMYeCTBA KUCMOPONCOMepxKallAx 
PpOLyKTOB peakluyn. 

na onpeemeHua cocTaBa KapOOHHJIbHbIX COCAMHeEHHH MoceqHHe OBI BBI- 
euleHbl H3 OKCHAaTa. Tak Kak OKCHJaTbI WaBaslW OTPHMaTeMbHy!O peakIHiO Ha 
AbLeruAbl (ipoOa Ha OOpasoBaHHe cepeOpAHOrO 3epKaa UH Cc PyKcHHCepHn- 
‘TOH KHCJIOTOH), TO BbIeeHHe MPHCyTCTBYIOUINX B HHX KapOOHMJIbHbIX CoeLu- 
HeHHH MPOHsBOAMIOCh NO caekyiouleH cxeme. OKcuaTbl U3 MepBLIX UeTHIPeX 
MbITOB OblJIM COCAHHEHbI H OT HUX OTOFHAHbI B BAaKYYMe COeAMHeHUA, He BCTy- 
WMBIUHe B peakIlut0 Cc OopHol KucnoToOH. [Ipu stom u3 176 r okcuyata Opto m0- 
yueno 105 r Auctusmata, KOTOpHI cocToA TiaBHbIM OOpas0M U3 Hempopea- 
rHpOBaBluero yrvieBoqopoa H KapOOHHJIbHbIX COeCMHEHHH, a Tak%Ke HeOOJIb- 
Oro KOJIMYeCTBA KHCJIOT, SPHPOB KHCIOT HM CBOOOAHHIX cnupToB. AHaIH3 JM- 
CTH/IaTa MOKa3a: KapOoHNIbHOe 4NcIO 30,3; KucmoTHOe uncIO 12,1; sdpupHoe 
Hucno 8,1; ruqpokcuabHoe uucuo 6,0. 

M3 nmpuBeleHHOro aHaJiv3a BUAHO, YTO H3 OOLero KOMUeCTBaA COeIHHeHHH 
KapOoHHIbHOH rpynnot (94,31 moxp. CO-rpynn), mpucyrcTBytollux B OKCH- 
ate oko0 60% (56,71 maks. CO-rpynn) mepemuio 8 AucTumaT, B TO BpeMaA 
Kak 40% ocTamocb c mpo,ykKTamu, mpopearuposaBiiumu c GopHol KucmoTOH, 
Ha OCHOBaHHH Yero MOXKHO OBO NpPeANOMOKUTh, ITO OOpaso0BaBlinecaA MPH OKH- 
JIeHuM H-TrekcayekaHa COeCMHEHHA C KapOOHHJIbHOH rpynnol COCTOAT u3 KeTO- 
HOB H NOJM®YHKUMOHAJIbHbIX COCMHEHHH, CofepKallux KapOouHJIbHyto rpynny 
\(TuaBHbIM OOpa30M KeTocnupTos). Jia BbINCHeHHA COCTaBa Ke€TOHOB, MpHCcyT- 
CTBYIOWUX B JMCTHIIAaTe, MocNe,HHH Onl XpomMaTorpaduyecku pa3yemeH Ha 
cuuKarene Mapku ACK ua napadunosble yrieBoXoposbl 4 KUCIOposcosepxKaline 
‘coeuHeHHs. 
 B xauecrse BpITeCHAIOWeH KUAKOCTH JIA yreBOOPOOB Obi NPHMeHeH H- 
MeHTaH, a JIA KHMCIOPOAHEIX coequHeHui MeraHou. IIpu atom u3 95 Tr ucTHa- 
lata Oplwio mosyueHo 14,8 r KOHWeHTPaTa KHCJIOPOAHbIX COeEMMHEHHH, KOTOpPHIN 
MMesI CeLyIoulyio XapakTepHcTuKy: KapOoHubHOe Yc 162,5 ; rupoKcuJb- 
Hoe uuc0 28,7; apupHoe uucao 41,2; KucmoTHOe 4NCIO 22,5. KoHlWeHTpaT KUC- 
JIOPOAHbIX COeCHHHEHHH OOpabaTpIBaJICA CNHPTOBbIM PaCTBOPOM LkesIOYH C WeJIbIO 
OMEeHna IIPHCYTCTBY!OULUX B HEM CJIOXKHbIX 3:PUPOB, MocsIe Yero OH OCBOOOXK- 
WasicaA OT CIMPTOB MyTeM MepeBoya MocseqHUX B OopHoKucuble 9pupHl. B pesysb- 
TaTe 3THX OMepallul Opiio noy4eHo 8,8 r KapOOHHIbHbIX COCMHEHHHM, KOTOPBIe 
mocjle meperoHKu B BakKyyMe uMenM T. Kun. 122—127°/1 mM u KapOoHHIbHOe 
quco 226 (BprunceHo 118 C;gsH3,0 Kap6oHubHOe YnCO 233,0). 
OeMeHTapHbIM aHasu3 KapOOHMJIbHbIX COeCAMHeHHH. 


Hatigeno, %: C 80,00; 80,01; H 13,50; 13,57 
CsH3.0. Beruucneno, %: C 79,93 ln as) 74 


Ha ocHOBaHHH MpPHBeJeHHbIX IKCMEPHMCHTAIbHbIX AHHbIX MOXKHO Oplwio Ce- 
JlaTb BbIBO, YTO OOPasoBaBlIveCA MPH OKHCJICHHM H-rekcaeKaHa KapOoHHJIbHbIe 
COeMHeHHA MpeCTaBJIeHbI FaBHbiM OOpa30m rekcajleKaHoHaMuH. BpifeneHupie 
KeTOHBI Obl MOABePrHyTbl peaKIMH COUeTAHHA C COJAHOKUCJIbIM CeEMHKapOasu- 
jom. Ilocne MHorokpaTHou mepeKpucTamM3alHu M3 2TaHONa OblwIO BbIMemeHO 
KPHCTaJIJIMYeCKOe BeULeECTBO, KOTOPOe MIaBHJIOCb B HHTepBasle TemmepaTyp 
124,5—125,5°. QaemenTrapHblli aHasmu3 ceMuKapOa30Ha 


Hafineno, %: C 68,87; 69,59; H 11,80; 11,83; N 13,95; 13,92 
Cy,H35N2O0. Brrauceno, %: C 68,63; H 11,86; N 14,14 


IIpu conocraBeHuu TeMMepaTyp N1aBJIeHHA CEMHKapOa3OHOB KeTOHOB C pa3- 
JIMMHIM MOO2%KeHHeM KapOoHHJIbHOH rpynnpt (4), MPHBeACHHBIX B TAO. 2, BALHO, 
4TO C€EMHKapOa3OHbI MCTHJIKETOHOB H€3aBHCHMO OT MOJIeKyJIAPHOTO Beca HCXOJ- 
HOTO KeTOHA MMEIOT TeMMepaTYPbI M1aBJIeHUA, We2Kalllve B HHTepBase 120—126°. 
Ilo Mepe yfaneHua KapOoHHIbHOH rpynmbl oT KpaHero yruiepoXuoro atoma, 
T. €. IPH Mepexoye OT MCTHJIKETOHOB K STHJIKeETOHaM, MPOMHJIKeTOHAM UH T. J., 
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TeMllepaTypbl MmlaBseHuA ceMHKapOas0HOB MoHMxKaIOTcA CyeqoBaTenbHo, BEI 
JeeHHbIe HAMM U3 TIpOsyKTOB OKHCJICHHA H-rekcalekaHa KapOOHMJIbHbIe CoeAM 
HeHHA COJePpKaT B CBOeEM COCTABE METHJI-H-TeTPaeWHJIKeTOH. OHaKO ykKa3aH 


Ta6auua 2 
Temnepatypbl fmaBieHua cemukap6a30Hos (°C) 


Metus-H-amMukeTOH 123] OTHJI-H-TEKCHJIKETOH 141—112 
MertuJ1-H-rekCHIKeTOH 12a OTH J-H-PenTHIKeTOH 100—104 
Mertua-x-renTHuKeTOH 119—120 OTUJI-H-eUUJIKeTOH 90 
MetuJ-H-OKTHKeTOH 126(121) OTH I-H-yHeClHJIKeTOH 89 } 
MetuJi-H-HOHH/KeETOH 422—123 OTHI-H-ONeUUIKETOH 90,5 
Merwisi-#-euuskKeTOH 122—123 OTH J-A-TpHueuHIKeTOH 86 
Mertu-H-yH elu KeTOH 126 I] ponuui-4-aMu1KeTOH 73—T4 
MertuJi-H-rekcaJellH JIKeTOH 122, IIponuu-x-rekcuKeTOH 51—52 

STH s-H-OYTHAKETOH 99—100  OxrTua-x-rekcagenuaKkeTon 39—41 


HbIM Bille CeMHKapOa30H METHJI-H-TETPaeWUIKeTOHA COCTABJIA JIMUIb HeOob 
lly!O YaCTb OT OOULErO KOJHUECTBA NOJYYeHHbIX CemHKapOa3o0HoB. I lopTopHok 
KPHCTaJIM3al\ueH H3 MATOUHbIX PaCTBOPOB ObIJIO BbIAeICHO BELECTBO, KOTOPOE 
He OOlajlasio YeTKOH TemMepaTyponk nuaBseHuA. IlosTOMy Ha OCHOBaHHH JaHHbix, 
NOJIYYeHHBIX pH ompesemeHHH TeMNMepaTyp MiaBeHHA Ce€MHKapOa3OHOB, HE 
MpeACTaBJIAOCb BO3MO%KHbIM CIeaTb OKOHYATeIbHBIM BbIBON O CocTaBe ucce 
AYeMbIX KeTOHOB. Jia pelieHus STOO BOTIpOca OblJI HCNOJIb30BaH MeTO] oKucne- 
HHA KeTOHOB JIBYXPOMOBOKHCJIBIM KaJIH€M B Cpeye pa3s6aBsIeHHOH CepHOH KHC- 
JIOTbI, MOAPOOHO OMMCaHHBIH Hamu paHee (°). | 

[na okucieHHA Obi0 B3xATO 6 r KeTOHOB, 18 r AByXPpOMOBOKHCJIOrO KasHA WM 
60 r H2SO, (48%-i). B pesymbrate peakunu Obim0 nomyyeHo 3,6 r KOHUeHTpata 
BOJOHEPaCTBBPHMBIX KHCJIOT C KHCJIOTHBIM YHCJIOM 328,5 u 1,4 r HeHTpasbHbIX Coe- 
JMHeEHHH C KapOOHHJIbHBIM 4nCJIOM 189, BpiqeneHHbIe KHCIOTHI ObLIM MepeBeeHbI 
B UX MeTHVIOBbIe SPUPbI H Pa3SOrHaHbl Ha KOJIOHKe C HocuTeseM. Pe3ybTaTbI pas- 


Ta6aunna 3 


PekTH®ukKaluA MeTHJIOBbIX SPHPOBKHCIOT, MOMYYeHHBIX MPH OKMCIeHHM TreKcayeKaHOHOB. 
Jaa pekTupukaunu B3sato 20,38 mmone# acdupos KucsoT u 60 r BellecTBa-HOcHTeIA 


B 


JiluTepaTypHble MU pacueTHHe ZaHHNe 


St tee & | 23 
= FS Os EME Tipeweah BEI- 
- Z| os | BS | S25 eS te ae ee 
E & ze = 2 BSS MeTHJIOBLIe SMUPbI KHCJOT hae Sat Ag B cepeOpa~ 
x = = ap HQ x s@upos KucnoT| HEX ConAX | 
3 2 eS 2a |.8e & c HOCHTesIeM KHCJOT 
Tapaeuue 758 mm pr. cr. 
62—95 1,46 0 — —_— 
95—130 | 4,97 | 11,52 | 1,02 | 49,91 | x-Banepnanosoi 97—127 31,64 
130—155 | 3,75 | 26,48 | 1,77 | 47,90 | x-Kanponosoii 127—150 48 37 
155—177 | 4,36 | 29,21 | 2,27 | 45,00 | sxnantoBot 150—175 45,54 


OcTaTouwHoe RaBaeuue 2 mM pr. crt. 


38—55 4,75 | 23,50 | 1,99 | 42,35 | 4-Kanpunoson 40—53 42,97 
55—65 1,50 | 28,80 | 0,77 | 40,56 | #-nenapronosoa 53—66 AO, 67 
65—70 | 1,74 | 20,18 | 0,63 | 39/64 
70—75 1,96 | 22,01 | 0,77 | 38,73 | x-KanpuHosokt 66—79 38 , 66: 
75—80 | 3,12 | 14,44 | 0,82 | 38.54 ; 
80—90 3,25 | 26,58 | 1,54 | 36,86 | yuaeKanosoit 79—92 36, 82 
90—95 | 2,82 | 17,90 | 0,90 | 35.34 ‘ 
95—105 | 2,56 | 25,90 | 1,18 | 34°84] naypuHoBos 92—105 35,12 
105—110 | 1,94 | 18,55 | 0,63 | 33,83 | tTpugeKanosoit 105—117 33 , 58: 
440120 | 3,74 | 22,41] 4,50 | 32,78 ; 
120—130 | 3,82 | 17,18 | 4,17 | 32,65 | mupuctruHoBoit 1147—130 32,04 
130—140-° | 5,79 6,39 | 0,66 — NeHTalekK aHOBon 130—143 30,89: 
140—150 5,03 OF33 4 OROZ — 
OcraToK 

S150. | Soto te a a 
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OHKH MpeAcTaBeHb! B TAO. 3. Ha ocHOBaHHM MpeMeOB ELIKHMaHVA OTICbHbIX. 
pakWuh, onpeyeieHHs B HHX S*PMPHBIX YMCeN, a Tak%Ke cosepxKanuA cepeOpa 
CepeOpAHBIX COJIAX KUCJIOT, BbIJCICHHBIX HS 9THX (PpakIWHH, MOXHO OpisI0 Cy- 
HTb O pacnpeeueHHH NOJYYeHHbIX KHCJIOT, KOTOPoe NpescTaBseHoO B Tabs. 4. 
113 TaOJIMIbl BALHO, YTO B Pe3yJIbTaTe OKMCCHHA KETOHOB JBYXPOMOBOKHCJIEIM. 
ayIHeM B Cpefle pasOaBneHHo H2SO, nosy4aloTca 1 COMSMepMMbIX KOJIMYCCTBaX 
HCOTHI* oT Cg Wo Cy,, HA OCHOBAHUM Yero MOXKHO CleaTb BbIBOL O TOM , YTO: 


apOoHHbHaa rpylnla B HCCJIeyeMbIX K€TOHaX HaAXOJUTCA Y pasJIMUHbIx yrvie- 
OJHbIX ATOMOB. 


Ta6anna 4 


Pacnpejenenne KHCJIOT, HOJIYYCHHBIX MPH OKHCJICHHH reKcasleKaHOHOB 


Pacnpeyenenue Kuc- Pacnpefenenue Kuc- 
AOT NO COfepxKaHnut1o JOT NO COsepKaHHw- 
HavuMeHopaHHe KHCJIOTHI Ags baad ad HanMeHoBaHHe KHCJIOTHI Ag ® eepesnanane 

MMOH % MMOH % 
H-BaslepHaHoBan 0,54 2,90 ||YunexaHospaa 1,69 9,61 
H-Kampouopaa 1,99 11,30 ||JlaypHHopaa 1,88 10,63 
SHaHTOBaA 2,12 12,04 ||TpuzexanoBaa 1,74 9,88 
4-Katipusiopaa 1,87 10,62 ||MupucTHHoBan sats) 9,38 
#-[lenaprouopaa 4,65 9,38 | Tlentaqekanosaa 0,65 3,68 
#-KanpuHosan 1,86 40,58 


_ Takum o6pasom, B pesyubTate mpoBeyeHHOrO MCCleOBaHUA yCTaHOBseHO, 
-4TO OOpasyloulMeca TPH XuAKOAasHOM OKUCIeHHH A-NapaduHOBbIX yrvieBosopo- 
HOB MOJI€KYJIAPHbIM KMCMOPOXOM (B NpucyTCTBHA GOopHOli KuCNOTbI) KapOoHHb- 
HbIC COCMHEHHA MIpeACTaBJIeHbI TiaBHEIM o6pa30M KeTOHaMH, HMEIOLLMMH Ty Ke 
AJHHY WeNOUKH, YTO MH MCXOLHbIN yreBoopod u NpelcTaBAIOULMMA co6ol CMECb. 
‘BCeEX TEOPETHYECKH BOSMOXKHbIX H3OMePOB NOJIOMKEHHA KAaPOOHHJbHOK rpynnyl. 
Hapsy c KeroHamu o6pasyiotca NOJMMYHKWMOHAIbHbIC COCEAHHEHHA, CORepKa- 
ue KapOoHHIbHy!o rpynny 


UxctutyT nuedrexumnyeckoro cuuTesa Toctynuso 
Akajylemuy HaykK CCCP 26 VI 1959 


LMTHPOBAHHASA JIMNTEPATYPA 


1A.H.Bawkupos, XuM. Hayka u Opom., 1, Ne 3, 273 (1956), *%A.H. Bawku- 
pos, B.B. Kamsoaxkun ugp., JAH, 118, Ne 1, 149 (1958). 3 A. H. Bawky pos, 
B.B. KaM30KHH HQp., XHMHAH TeXHOJ.TONANB H Mace, No6, 10 (1958). * R. H. Pi- 
ckard,J. Kenyon, J. Chem. Soc., 99, 57 (1911); 103, 1936 (1913); Ch. Moureu, 
G.Mignonac,C.R., 151, 698 (1910); G. Geiseler, F.Asinger,H. Wien, Ber. 
90, 485 (1957); P. Karrer, B.Shibataetal., Helv. Chim. Acta, 13,"; 1300 (1930); 
P. Brig], Zs. physiol. chem., 95, 178 (1915). 


* BogopacTBOpHMble KHCJIOTLI HE HCCJIeMOBAaINCb. 
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Jloknann Akanemunun nayr CCCP 
1959. Tom 128, Ni 5 


XHMHf 


Uneu-Koppecnonyent AH CCCP B. B. KOPLIAK, A. M. NOJIAKOBA, B. M. BUOBHH 
B. ©. MHPOHOB un yaex-Koppecnonzent AH CCCP A. JJ. NETPOB 


O B3AMMOJIEMCTBHN TETPAAJIKHJI AMM YPUY YCHJIOKCAHOB 
C AM®YHKUWMOHAJIbHbIMH HEHACbINIEHHbIMM COE MHEHWAMA 


Payee HaMH OblIO MoKa3aHo (1), 4TO TeTpaaJIKHJI Ly FHAPHAAUCHOKCaHb 


ao 
H—Si=O0—Si<—H, rae R= CH. CH;,, 

| | 

R R 


pearupyloT C alleTHJIeHOM Mp aTMocdepHOM aBJeEHHH B MpPHCyTCTBUM He3Ha- 
YMTeJIbHOrO KosHUecTBa 0,1 M pacTBopa NulaTHHOXJIOPHCTOBOJOPOAHOU KUCJIOTHI 
B H30NPONHJIOBOM chupTe c OO6pa3s0BaHHeM MOJIMMepHbIX TWpoxyKTosB. Hacrtos- 
iad paOota NocBALleHa UCCEAOBaHMIO PeaKUHH B3aHMOJeCHCTBUA Tex Ke AMCHJ- 
OCKaHOB C J{M(PYHKIMOHAJIbHbIMH HEHACHILCHHBIMH COeMHEHHAMM THIIa: 


R’ 
| 
CH, = CH—M—CH=CH:; M = Si, Ge, Sn, Pb, 


| R = GH, CH3, CH; 
R’ 


R’ 


| 
CH, = CH — CH, — M,; — CH, — CH = CH, M, = Si, Ge, age bee 
5 Re == (Clals u CoHs. 


IloqoOHo peakilHH C alleTHJICHOM, B3aHMOJeHCTBHeE TeTPaaJIKHJQUrH Apu u- 
CHJIOKCaHOB C YKa3aHHbIMH BbILUe MOHOMepaMH OCYLICCTBIAIOCb B MPHCYTCTBHM 
MJIaTHHOXJIOPHCTOBOROPOAHOH KUCJIOTH. B pesybTaTe peakKWHH M@XKy 9KBHe 
MOJIEKYJIAPHbIMH KOJIMYCCTBAMH KOMIOHEHTOB OOpasyIOTCA MOJMMePbI B BHe 
ryCTbIX Mace/l C BBIXOKOM Jo 80%. MouekyJIbl 3THX MOJIMMepoB, CorsjacHO 
HHpakpacHbiIM CMeKTpaM MNOPOUeHHA, a TaKKE JaHHbIM 9JIeMeHTAapHOrO 
aHaJlH3a UW OMpeeeHHA MOJIEKYJIAPHOTO BeCa, COCTOAT H3 3BEHbEB: 


R R R 
— 6 - o—si — CH: — CH, — m — CH, — CHa— 
tee R 
WJIM COOTBETCTBeHHO 
R R R 4 | 
— di —O — J — CH, — CH, — CH, — § CH, — CH24— CH, , 
ek R if 
re n = 2—15. 
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[louwy4eHHpre pesybTaTb MpekcTaBenbl B Tab. 1. Kak BuHO M3 TaOJIMUBI, 
KCIH€PHMCHTaJIbHbIe JaHHble SJICEMeHTaPHOTO aHaJIH3a XOPOWIO CoBMaawrT 
BbIUMCJICHHbIMH. 
Kosd®ultuent noMMepu3alun (n) He mpesBpruaet 15 u MeHAeTCA B 3aBHCHMO- 
TH OT IIPHMCHACMbIX KOMMOHEHTOB. BplJIo yCTaHOBJICHO, HallpHMep, UTO N YMeHb- 
aeTcsA Ip Mepexose OT TeTpaMeTHJIANCHOKCaHa K AMMETHJIAMSTHIAUCHOKCaHy 
i] alee K TaTpasTHJIAUCHIOKCaHYy. OnbiTbl NOKa3aJIH, YTO JHBHHUJIbHbIeC MOHOME- 
bp bl Ooslee AKTHBHbI B ITOH PeakWHH, YeM AHaJIIMJIbHbIe; HAHOONee SHEPrH4YHO MIpo- 
reKala peaKUHA C JM9TH/IHBHHHJICHJIAaHOM HM MOUTH B paBHOH CTeNeHH C JMSTHII- 


Ppasaraica C BbIJeICHHeM CBHHILa*. 

Heo6xoquMo OTMETHTb, YTO HCXORHbIe TeTPaasKHTUTHAPUAAMCHOKCaHbl 
FIBJIAIOTCA BIOJIHE JOCTYMHbIMH COCAMHCHHAMH; OHH MouyyaloTcH C BbICOKAMH 
IBbIXOJAMH TUAPOH30M AuaKMIXJOpcHaHoB. [locmequue B Ja6opaTopHbix yc- 
NIOBUAX MOLYT ObITb JIErKO MpHroTOBJeHbI 10 peakunu [puubapa; 3TH Xe Belle- 
°TBa MOPyT ObITb BbIACJICHbI H H3 MpOAYKTOB MpAMOFO CHHTe3a METHJI- WIM 3THUI- 
XJIOPCHJIaHOB TOYHOM pa3rOHKOM HIM XHMH4eCKHMM MeTojamu (7). J[vanKu- 
JOpCHJIaHbl, MOuyyaempre mo peakuwH Tpuubsapa, MOxKHO PHA posu30BaTb 
6€3 BbIeIEHHA U3 peaKI[MOHHOH CMeCH. 


QKCNeCPHMCHTAAbHAA WACTH 


Tlomyuenune nomumepos. B crekAHHyIO aMiyy 3arpyxann 
9KBUMOJICKYJIAPHbIe KOMYeCTBa (m0 0,12 Moma) QucHOKCaHa H MOHOMepa, 
23ATeM Ha HO MOMEelaJIM TOHKOCTeHHY!0 MpoOupouKky c KaTamH3aTopom (0,01 r 
TeQHMONAPHOrO pacTBOpa MaTHHOXJIOPHCTOBOAOPOAHOH KHCJIOTHI B H30NponH- 
JlopoM crupte). Ilocae o6blgHbIxX Onepalui yaleHHA BO3qyxXa pH 3aMopaxku- 
BaHHH peaKWHOHHOM CMeCH aMMYJY 3anavBasiu, HarpeBallM Jo 30—35° u cuub- 
\HbIM BCTPAXHBAaHHeM pa3s0uBaJIH MpoOMpouKy C KaTaJIH3aTOPoOM. 

| CnycrTa HeCKOJIbKO MHHYT HaOsoalocb pa3s0rpeBaHHe peaKUMOHHOH CMeCH HU 
mocTemeHHoe 3arycTenHe. Korga Temnepatypa peaKUHOHHOH CMeCH 3aM€THO CHH- 
KallaCb, aMIyJIy MOMellaIM B TepMOCTaT H HarpeBasH mpH 120° B TeueHue 6 Yac. 
(Jia BpleneHua MOMMepa ColepxKHMOe aMNMYVJIbI MOCe BCKPbITHA pasOaBJIAIU 
‘CYXHM 6eH30J10M H (PHIbTPOBaJIH; OCH3OJI OTTOHAJIH B BAKYYME, OCTATOK JOBOAHIN 
lo mocrosHHoro Beca mpu 120°/4 mm. Uactrb 6eH30/IbHOrO pacTBOpa CMeLIMBaJIH 
¢ 5-KpaTHbIM KOJIMYCCTBOM METHJIOBOFO CHHPTA; BbIMNAaaBlee MPH ITOM MaCcJIO Moc- 
‘Je OTAeeCHHA NekaHTalluel LOBOAUIM Tak2xKe JO NOCTOAHHOrO Beca. BoreseHHbIe 
TaKHM OOPa30M MOMHMePbI 3aTeM AHAJIH3HPOBAaJINCh: OMpeNeAMCh 9JIeMeHTap- 
HbIM COCTaB HM MOJICKYJIAPHbIt Bec (KPHOCKOMHMUeCCKHM MeTOJOM B OeH30uIe), CHHMa- 
JiMCb UHdpakpacHble CMeKTpbI MOrouleHHA. 

I. Guute3 TeTpaatKHARuUruApuARucuAoKCan os. 
H(G2H;)(CH,,)SiOSi(CH.)(C2H;)H. OtuamMarnuaxiopuy, nomyyenup us 49 © 
(2 r-at.) Mg 8 1,5 am a6c. aiupa, mpHauBanH K pactBopy 650 r (5,65 mows) 
MeTHIQUXopcusana B 1,5 19¢supa B TeyeHHe 3 Yac. pH 9PPeKTHBHOM Mepeme- 
IUMBaHHH HW OXJlaxKeHHH PeaKUMOHHOH CMeCH. OPMpHbIt pacTBOpP OTAeMAIM OT 
ocalKa: NocieqHHi upomprBaIH adpupom. Iloce oTrOoHKH 9c:upa UM METH AUXJOp- 
CulaHa nomyyeno 145 r merussTHIXJOpCcHsaHa c T. Kum. 85—96°**. 

Burxon 67% B pacueTe Ha HCMOIb30BaHHbIN MarHHi. 

K pacrsopy 120 r H(C,H;)(GH;)SiCl B 500 ma sdupa mpu appexrus- 
HOM TI@peMeIIMBaHHH MIPHIHBasIH mo KaniamM 200 MJ BOAb; Moce Npekpalte- 
HHA pasorpeBaHuA peaKUMOHHYIOCMECb NepemellinBalu elle 2 4aca. Oupupiit 
eno oTqeisiu, a BOXHEI — a9kcTparupoBantu 200 ma acdupa. OpupHle BEI- 
TAKKH MPOMbIBAJIM BOMOM, BICYIUMBaH Ha XJIOPHCTHIM KaJIbllMeM, 9Pup 


* CHutTe3 JMITHIAMBUHHWJICBHHLAa U B3aHMOselcTBHe ero C AHCHJIOKCAHOM IIPOBOJHJIOCb 


M. Jl. Cyuxopou. 
** Qnecb H B OMMCaHHbIX Hu2xKe cHHTe3ax II u II] pa3sronKa Mpou3sBoA_Nacb Ha KO JIOHKE 
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yTroHsAIM. Ilocme oTroHKH apupa nowyyeHo 79,5 Tr AuMeTHILNSTHIAArMApuL- 


iwucHoKcaHa c T. Kun. 125,5—126°. n? 1,3980; di° 0,7935; MRp_ uaiineno 
19,3; BbruHceHO 49,2. Brrxogq 88,5% or Teopernueckoro. 

| II. H(C,H5)eSiOSi(C,Hs).H;. A. AHaslorHuHO H3J102%KeHHOMY BbIIe CHHTE3Y, 
3 9THJIMarHuxopHga, WpuHroToBieHHoro u3 49 r (2 r-aT.) MarHHA 4H 
p00 r (5 Monel) 9THITMXJOpcHiana, MomyyenHo 214 r AMsTHIXJOpcHaHa 
eT. kun. 98,5—101,5°, n® 1,4154; Berxog 88%, 


AxasoruyHo I mpopoluica HW rHxpoiM3s AMsTHIXMOpCHaHa, Mpuuem TeTpa- 
THJIJMTHAPHAAMCHIOKCaH Nosyyasica c BbIxXo,oM 75-93%; T. Kun. 172—173°; 
n> 1,4160; a 0,8159; MRp uatizeno 58,5; BaruncueHo 58,3. 

B. Peaxrus [Tpuubapa, mpuroropsenupili uz 49 r (2 r-aT.) MarHua u 
235 r (2,15 Moma) Opomuctoro stula B 1 «a otupa, upuauBann K 210 Tr 
(1,93 Moa) STHIQMXOpCHiaHa, a 3aTeCM KHIATHJIM PeaKUMOHHYIO CMeCb pu 
mepemewmBaHHu 5 yac. Tlocne pa3snomxeHHA BOZO M NocTeLyioule oObMHOL 
pOpaOoTkH pa3roHKOH BbIeteHo 57 © TpusTHJITHApHACHJaHa Cc T. Kun. 105— 
06°, u 81 Yr. TerpasTHIqurugpuayucusoKcana c T. Kun. 170—172°; 
* 1,4160. 

III. H(CHg),SiOSi(CH,).H. Meruamarnuiixiopuy, pHroroBJieHHbIli 3 
M49 r (2 r-aT.) MarHua B 1,5 a. supa, UpHiuBamH B TeyeHHe 4 vac. mpH 
p@MeKTHBHOM OXJaxKLeHHH uM MepemewiMBaHHu K 172 r (1,5 Moma) MecTHILH- 
xopcHviaHa B 1,5 m apupa. Tlocne pasnoxeHHaA BOOM HM OObIUHOH OOpa- 
HOOTKH BbINeeHO pasronkol 38 r TeTpaMeTHJIAMrHyApHAAMCHOKCaHa C T. KHM. 
p70—71°; nis 1,3700; d3° 0,7572; MRp ualiqeno 40,1; Brraucneno 40,1. TIpu 
fe ean ONMbITa B TeX Ke YCJOBHAX, HO MpH ucnomb30BaHHH 1,3 Moa 
IMeTHJIAUXIOpcHaHa, BEIxoy, HMe,SiOSiMe,H cocraBua 24 r. 
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VuctutyT aleMeHToopraHuyeckh! X coeqnHeHHit Tloerymuso 
VWuctutyt opranuyecko xumun 41 VI 1959 


um. H. J. 3enuucxoro 
Axkaylemun HaykK CCCP 


UWHTMPOBAHHAA JIMTEPATYPA 


1A.M. Ilonaxxospa, M. J. Cyuxosa a4 gp., Hsp. AH CCCP, OXH, Ne 12 
y(14959). #2 K. A. Angapuauos, C. A. Tony6uos, A. A. Illetpsakosa, Xum. 
mpompimiienHoctb, Ne 6, 342 (1958). 
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Jloxnaayn AkaweMun Hayk cccPe I 
1959. Tow 128, NB 5 


XHMHA 


Axagemux A. H. HECMEAHOB, O. B. HOFHHA u B. A. JYBOBULLK HN 


JHEPrHUA AKTHBALLMH MPOWECCA AESATPErAUWMH 
ACCOUMMPOBAHHDIX AJIKOKCHJIbHbIX MPOM3BOAHbIX THTAHA 


Panee MbI COOOILMIH O TOM, YTO B PpasOaBJICHHbIX OCH3OJIbHbIX pacTBOpax 
CTeHeHb aCCOMMALMU AJIKOKCHJIbHbIX MPOH3BOAHbIX THTAHa JOBOJIbHO Me]JICHHO 
CHUDKaeTCH CO BPeMeHEM H Yepe3 HECKOJIbKO YacoB OXOAUT Jo equHUUpI (7). Ac- 
COMMaUUA AIKOKCHJIbHbIX MPOHSBOAHbIX THTaHa HanMOoulee ecTeCTBeHHO OObAC- 
Haetca (7 >) MexKMOJIEKYJIAPHbIMH KOOPAMHALMOHHBIMH CBA3AMM Mey AaTOMaMH 
KHCMOpOa OHO MOJICKYJIbl H ATOMAMM THTAHA COCCAHUX MOJIeKyJ. 


7 va 3 4 & ya. 


Puc. 1. W3mMenenHe MovweKyapHoro- seca 

(4-C3H7O)4Ti co BpeMeHem B G6eHS30/IbHOM 

pacTsope konweuTpaynn 0,10 mon. % mpu pas- 

JIMUHBIX TemMlepaTypax: a— 10°; 6 — 17°; 
6 —= 25 °--2.—— 


B wactosmeh paOoTe MbI HCCeAOBasIM 3ABHCHMOCTb STOTO ABJICHHA OT TeM- 
nepaTypbl HW ONpeeMIM SHePrHulo AKTHBALMM Mpollecca Jesarperaluu accolua- 
TOB, IOJIb8yACb MO-IIpe*KHEMY KPHOCKONMYeCKHM MeTojOM. Ha puc. | npuBeleHEI 
KHHeTHYCCKHe KPUBbIe Jesarperallun accOWMaTOB TeTPpa-N-MpONOKCHTUTAaHa pH 
pa3JIMUHbIX TeMMepatypax. 

3 saBucuMocTeH Haua/IbHbIX CKOpocTeH e3arperalluu oT Temmeparypsl 
(puc. 2) ObiiM paccCUMTaHbl 3HaYCHHA SHEPIu AKTUBALMN, OKAsaBIUIMeCA PaBHbIMH 
7,7 Kkan/Moub B CLy¥ae TeTpa-H-nponoKcuTuTana, 8,0 KKan/MOb JIA accolun- 
poBaHHoro TeTpasToKcuTuTana ui 8,1 KKau/MOIb B CLyuae JM-A-NpOnOKCHTHTAH- 
okcuila. 

H{HTepecHo OTMETHTh, 4TO MpeebHaA KOHWEHTPallua, MPH KOTOPOH cTeneHb 
accollHalHH aJIKOKCHJIbHbIX MPOM3BORHbIX THTAHa, YMCHbIMaich CO BPeMeHeM, 
AOXOAHT JO eCMHUMIUbI, MaJIO 3aBHCHT OT CTPOeCHHA THTAHOBOTO COoeqMHeHHS 
(puc. 3). 

Mp! uccleLoBaJIM TakxKe BJIMAHHe Ha U3y4aeMoe ABJIEHHe CTPOeHHA amkune 
aJIKOKCHJIbHBIX MPOH3BOAHBIX THTaHa. IIpH sTOM ACHO OOHapyxKuBaeTCA BMS 
HM€ MPOCTPaHCTBeHHbIX IIPeMATCTBHH Ha CTeMeHb accollMaluH ITHX BeULeECTB 
B cayuae pasBeTBleHuA yruepoqHol Wenu TeTpaankoKcuTuTaHa y OaMKaiime 
TO K THTaHy aToMa yrvlepofla (TeTpaHsOnponoKcuTHTaH, TeTpaTpeTH4yHOOyTO 
KcHTHTAaH (*,°)) accolMallua pu KOHUCHTPalluaAx G6eH30bHBIX pacTBopoB Jc 
2,0 mon.% BooOme He umeet Mecta. IIpu KOHUeHTpalHAX OCH30/1bHBIX pacTBo 
poB TerpansonponokcuTuTaHa 1,296 u 1,988 mon.% 3Ha¥eHHa MOneKYAApPHBD 


ecoB (cpasy mocue pacTBopeHun oOpazia) Oni CooTBeTCTBeHHO 276 H 275 
BBIY. 284), 

Korga pasBerBeHHe aJIKHJIbHOH Wenu TeTpaanKoKcuTuTaHa HaxOJMTCa y 
~ WIM Y-yrlepoRHOro aTOMa, TeTPaaJIKOKCHTHTAHbI B OCH30JIbHbIX PacTBOpax 
ACCONMMPOBaHbl; H TaK Ke Kak HB 
Cilyyae BellecTB, COJepKalllux ay- 
KWJIbHbIe Pp yIIbl HOPMaJIbHOLO CTpoe- 
HHA, CTeMeHb aCcOlMalluH HX B pas- 
OaBJIeCHHOM O€H30JIbHOM pacTBope 
CHW2KaeTCA CO BPe€MeHeM H Yepes He- 
CKOJIbKO 4aCOB JOcTuraeT eHHUIIbI. 

Tak, MOVICK YJIAP Hb Bec 
((CHs)eCHCH2O)aTi B 6eH30mbHBIX 
pacTBopax KOHUWeHTpauuu 0,367 u 
0,348 Mo.% cpa3y mocje pacrBope- 
HUA OlpeesIeH COOTBETCTBEHHO Kak 
460, 453. Crenytoulee onpenenenne 
yepe3 18 uac. Maer 3HaYeHHA y2Ke 
336, 349 (Bary. 340). 

SHaueHne MoOeKyJApPHOrO Beca 
((CHs)eCHCH2CH20)4Ti B OeH30.1b- 


Of 2 Q3 man. % 


Puc, 2. 3aBHCHMOCTb HayaJIbHbIX ckKopocTeli Puc. 3. 3aBHCHMOCTb MOJIeKYJIAPHBIX BeCOB 
‘Mesarperayuu accounatop (A-C2H7O)aTi(a), (a-CeH7O)aTi (a2) uw (H-CsH7O)2TiO (6), 
(C2H;O)aTi (6) w (H-C-H7O)2TiO (@) or  onpeneneHHbIx nocue 18-yacopol BEINep%KKH 
TemlepaTypbl pactsopa mpx 20—22°, of KonWeHTpalun. 
IlyHkTHp — BBIUHCIeCHHBIH = MOeKyJIAP Hb 

| Bec 


HOM pacTBope KoHUeHTpawun 0,251 mon.% cpa3y nocie pacTBopeHHa oOpasila 
6ni10 490, a uepes 18 uac. cHu3HN0Cb Jo BeHUMHEI 381 (BEIY. 396). 


Vuctuty? semenTooprannueckux coeMHennit Tloctynuso 
Akayemuu HaykK CCCP 9 VII 1959 


UHMTHPOBAHHAS JIMTEPATYPA 


1A.H.Hecmeauos, O.B.Horuua, B.A. y6onunkui, H3a. AH CCCP, 
OXH, 1959,8.2N.M.Cullinane,S.J.Chard,G. F. Price etal.,J. Appl. Chem., 
f, 400.(1951).. 2 C.N. Caughlan, H. S.Smith, W. Katz et al., J. Am: Chem. 
Soc., 78, 5652 (1951). 4D. C. Bradley, R.C. Mehrotra, W. Wardlaw, 
J.Chem. Soc., 1952, 2027.5H. Kriegsmann, K. Licht, Zs. Electrochem., 62, 1163 
(1958). © D.C. Bradley, R.C. Mehrotra, W. Wardlaw, J. Chem. Soc., 1952, 
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Jloxnxnagn AkawkeMun Hayk cccP 
1959. Tom 128, Ni 5 


XHMHA 


Axanemuk A. B. TOMUMEB, HW. A. MYCAEB, 9. X. HCXAKOBA 
u H. M. CAPHAHALIBHJIM 


KOMBHHMPOBAHHbIA METO ACCJIEQOBAHHUA 
AETA JIM3HPOBAHHOrO FPYNMOBOrO YFJIEBOAOPOAHOFO 
COCTABA BEH3HHOB KPEKHHIA 


MccneqopaHue rpymnoBoro HM MHAHBHAyaIbHOrO yrileBOAOposHOoro cocTaBa 
NpOAYKTOB TepMHYeCKOH H KaTaMHTHUeCKOH NepepaOoTKH He@PTAHbIX AUCTHJATOB 
upeycTraBsaer Kak Hay4HbIli, TaK H MpakTHyeckHH uHTepec. Henpeyembupie u 
pyre %uAKue yreBOoposbi, NoyYaemble MPH yKa3aHHbIX Mpolleccax, AB- 
JIAIOTCA Ba*KHeCHIUMMH MOTeHIMaJIbHbIMM UCTOUHHKaMH. CyleCTBeHHbIM HHTepec 
MIpelcTaBJIAeT KAK C TOUKH 3PeHHA TeOPHu, TaK HW NpaKkTHKH, H3y4yeHHe BoNpoca 
O BJIMAHHH XHMMYeCKOrO COCTaBa HCXOJHOFO CbIPbA, HAyWero Ha TepMHYeCKHH 
HM KaTaJIMTH¥YeCKHH KPeKHHI, Ha COCTaB HW CTpoeHHe yrieBoLOpooB, Nomy4ae- 
MbIX IIPH yKa3aHHbIX mpolleccax. JA nosHaHHA MpPHpoOb yrieBodopoyos, 
BXOJAMLMX B COCTaB MpOAyKTOB KpeKHHra, TpeOyerca paspaOoTKa HajlexHoro 
MeTOJla HCCIe€IOBaHHA KaK MHAMBULyasIbHOrO, TaK UM JeTasIM3HpOBaHHOTO UX 
rpymmosoro yrieBosoposuoro cocrapa. 

PaspaOoTaHHbii HaMa XpoMmaTorpaduyeckul merox (1) no3sBomseT JeUTb 
OeH3HHbI KPe€KHHTa Ha HacpTeHoO-mapaduHOBble, HeMpeesIbHbIe U aPDOMAaTHYeCKHEe 
yraespoqopogpl. Coueranue xpomaTorpaduyeckoro MeTofa pa3qeneHua Cc rHApo- 
TeruAporeHu3alHOHHbIM KaTaJIH30M HM ONTHYCCKHMH MeTOJlaMH JleaeT BOSMOXKHbIM 
uccylelOBaHve Kak HMHAMBuAyambHoro (? 4), Tak uw rpynmoBoro XMMMYeCKOrO 
cocTaBa 6eH3HHOB KpeKuHra (°). 

B HacTOAIUeM COOOLIEHHH ONHCbIBAeTCA KOMOMHHPOBAHHbI MeTOJL, BKJIIOUalO- 
muH XpoMatorpaduyeckoe pa3sfemteHHe cTaHapTHbIx dpakwuh (60—175) Gex- 
3HHa KpeKHHra Ha KaCCbl yrleBOOPOOB B CO“eTaHHH C ruApo-eruyporenu3a- 
I[MOHHBIM KaTaJIH30M. OTOT MeTOA MO3BOuIAeT ONPeAeAMTb XHMHUCCKHH COCTaB 
@pakilu pasfebHO MO CeMH NOATPyNNaM HaCbILeHHbIX H HeHACHILeHHbIX yrve- 
BOJOpOOB. a 


IKCMeEPHMeEHTANbDHAA HraiC esha 


B kauecTBe OObeKTAa HCCICAOBaHUA, a Take WIA paspadorKH MeTola Opin 
B3ATHI MPeCC-TUCTHJIJIATHI TpexX OOPasiloB OeH3SHHOB, NOJYYeHHBIX MPH TepMuyec- 
KOM H KaTaJIMTH4YeCKOM KPeKHHTe AUCTHJIATOB CypaxaHCKoH oTOOpHol Hacpre- 
HOBOH HedTu *. 

1. Bex3suH kaTamuTuyeckoro KpekuHra (B-12), nomyuennprli u3 KepocuHo- 
razoleBou Ppakuuu (235—360°) Ha aOMOCHJIMKaTHOM KaTaJIM3aTope pH TeM- 
mepatype 460° u Becopolt cKopocru 1,0. 

2. BeH3uH TepMuyeckoro Kpekuura (B-2), nomyyenHpilt us masyta (BpIe 
360°) mpu Temnepatype 515° u qapnenuu 38—40 atm. 

3. BeusuH Tepmuueckxoro Kpekuura (B-11), nomyyennpiii u3 KepocuHo-ra- 
soilepol @pakunu (235—360) mpu Temnmeparype 515° nu yapnenuu 40 arn. 
H{3 mepeunceHHbIx BbIMe GeH3HHOB Ha KONOHKe 30 7. T. OTOUpPauUch pakuuu 
qo 60, 60—95, 95—122, 122—150, 150—175°. Kazaa bpaxuua noxBepranacb 


* O6pasubi SeHsHHOB ObIIH NOWyyeHbI Ha ONBITHOH Gaze AsepbaiisxKaHcKoro Hay 4HO-HCcye> 
AOBATebCKOFO HHCTHTYTa HETAHOH MpOMbILIMeHHOCTH (Baky). 
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Taouuna 2 


H 6eCH3HHOB 


ppakuu 
% Ha UCXOAHY!O pakuHIo 


M COCTaB Y3KHX 


2 


OOpOaHEI 
CoyepKaHne B Bec. 


MH rpynmmosow yrses 


etTanu3upoBaHHbl 
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6ensHH-11 


6eH3sHH-2 


6eH3sHH-12 


Temnepatypa oT6opa dpakuui, 


°C 


YrsueBoqoOpopbi 
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xpomatTorpaduyeckomy pa3yeyleHHIO Ha’ 
HacbTeHo-napauHOBble, HelIpeleJIbHBIC! 
HM apoMaTHYeCcKHe KJIaCCbl YrvIeBOAOpo-! 
JOB. | 

C wWembIo MOyYeHHA COMOCTaBHMBIX' 
JaHHbIX HM HAKOMJIe€HUA AOCTATOUHOLO KO- 
JIMUeCTBA COOTBETCTBYIOWMX pakUni, 
OAMHaKOBble (ppakWHHn OeH3HHa MOLBep-' 
raucb XpomMaTorpadupoBaHulo oT 2 Jo! 
4 pas. Bpixoa HadreHo-napa@uHoBbXx, : 
HeEMpeeJIbHBIX HM APOMATHYeECKUX pak- 
nH onpeseisucb Kak cpefqHHe U3: 
2—3 ombITOB (pacxowKeHHA Mexk]y 
OnbITamu He mpeBpitilaer 1%). } 

CojlepxkaHne HadTeHo-napauHOBBEIX, | 
HeMpeeIbHbIX H APOMATHYCCKHX YIvle- 
BOJOPOAOB B IPOM@XYTOUHBIX PPakUHAX 
(IpoMexKyTOUHble (PpakWHH COCTABJIAIOT 
3—5% oT B3ATOTO KOHYeCTBa cpak-! 
uu Ha xpomatorpaduio) onpeyesA0Cb 
WJIM PaCUueTHbIM ITYTeM, HIM PasesIeHHeM 
HX BTOPHYHO Ha MaJIeHbKOH XpOMaTO- 
rpaduyeckoH KoOHKe. XapakTepucTu- 
Ka HM 'pymnmoBoH cocTaB y3KHX PpakuuH 
OeH3HHOB 12, 2u 11, BEIeneHHbIx UpH 
XpoMaTorpadupoBaHHu, MPHBeAeHbI B 
Ta6n. 1. Henpexenbupie dpakuuu nod- 
Beprasiucb THApHpoBaHHIO nol aBse- 
HuemM 70—80 aTM. BOJOpOda B MaJICHb- 
KMX aBTOKIaBax (°) mpH TemmepaType 
150—200°, B mpucyTcTBHH KaTasH3aTo- 
pa (HuKeub Ha Ku3ebrype). Jia rugpu- 
popanua Opanocb no 15—25 ma dpak- 
MH. 

Hadreno-napadunoppie dpakuun, 
BbIJeIeHHbIe MPH XpomMaTorpaduposBa- 
HHH, HM THAPOreHH3aTbl, MOJIYYeHHbIe B 
pesylbTaTe rHAPHPOBaHHA Henpeyesb- 
HbIX (pakWUHH, Mocie XapakTepHCTHKU 
pasqebHO NodBepramuch aHasuTuYec- 
KOMY JerHAPHpoBaHHlO Hal KaTasn3a- 
TOPOM — IlaTHHHPOBaHHbIM yrvieM c 
NIpHMecbi0 XKewiesa (*), — MpHroToBeH- 
HbIM 110 clocoOy, omucaHHomy Mycae- 
BEIM MH TanbmepHom (8), 

Jleruipupopanve mpopoqunoch np 
300—302°, npn o6bemHOli cKOpocTu mpu 
nepBoM JerMApupoBaHnu 1:1, 3aTem 
0,5: 1 B OTJeqbHBIX Cy4¥anx HB Tpe- 
Tuh pas 0,3: 1. Tonyuennpie xatanu- 
3aTbl XAPaKTePH3OBaJIHCb, Moce ero 
NOABepraJiucb CyIbsbHpOBaHHO pacTBo- 
pom Karsunxkens (30 r P,O;+ 100 ma 
H,SO,). CogepxkaHue apomatuueckux 
yrleBOLOpoloB, oOOpasoBaBluuxca 43 
IMKJIOreKCaHOBbIX pH eruqpuposa- 
HHH, M COJepKaHnNe MeHTAMeTHJICHOBbIX 
yr IeBOLOPONOB B eapoMaTu3HPpOBaHHOM 


aTaJIM3aTe ONPeeJIAJIMCb AHHJIMHOBBIM METOJIOM, a COfepxKaHue napadHHoBplx 
irueBoRoposoB — No pasHoctTnH. Ha ocHoBaHHH MO/YYeHHbIX 9KCIepHMeH- 
aJIbHbIX JaHHbIX BbIYHCJIAJICA JeTaIM3HPOBaHHbIN TpynnoBolH xuMMYeCKHH Co- 
TaB Kako d@pakuun. Mroroppie aHHble oO AeTaMM3HPpOBaHHOM rpynvoOBOM 
TVIEBOLOPpOAHOM cocTaBe *paklHi Tpex OeH3HHOB JaHbI B Tabs. 2. 

Kak BHAHO u3 Tab. 2, OCH3HH KaTaMTHYeCKOrO KpekuHla (B-12) ormmuaerca 
T OCHSHHOB TEPMHYECKOrO KPeKHHTa NOBHILIEHHOH KOHWeHTpallueH apomaTuyec- 
‘HX M P€3KO NOHH2KCHHOH KOHIeHTpallueH HeMpeebHbIX yIvIeBOROpOos. 
eH3HH-12 Tak2xe 3aMeTHO OTIMYAeTCA OT OeH3HHOB 2 u 11 noBHIWeHHOM KOH- 
eHTpallueH (ocoOeHHO B NepBbIx AByx (:bpakluaAX) WHKNONeCHTaHOBbIX H MOHH- 
€HHOH KOHIeHTpallueH NapauHOBbIX HM aJIKeHOBbIX IPH He3HAUHTeJIbHOM CO- 
ep2KaHHH WHKJIOTEKCCHOBHIX YIvIeCBOLOPOOB 
_ Ilo cBoemy xumuyeckomy cocTaBy 6€H3HH-2 61u30K K GeH3suHy-11. OcHoBHbIM 
DTUIMYHeM OeH3uHa-2 OT OeH3HHa-11 aABAAeTCA NOBbILWeHHaA KOHIWeHTpallua mMa- 
DabHHOBLIX H Pe3KO MOHMKeHHAA KOHI[CHTPalluA aPpOMATHYeECKUX yrveBOLOpo- 
os. KonleHTpalluu ole@HHOBbIX YIvIeBOLOPOAOB B ITHX ABYX OeH3HHaX OYeHb 
JIM3KH. 

TakuM oOpa3o0M, Ha OCHOBe COueTaHHA XpOMaTOrpaduyeckoro MeTosa pasye- 
NleHHA C PHApO-AeruAporeHH3al|HOHHBIM KaTaJIH30M HW MIpHMeHeCHHA AHHWJIMHOBOrO 
MeTOla paspadoTaH KOMOMHUMPOBaHHbI MeTOJ HCCIeAOBaHHA JeTasu3upOBaHHOro 
('pynnoBoro xuMuyeCcKOrO cocTaBa OeH3HHOB KpekuHra. IIpeqomxeHHbIH MeTOL 
MOSBOJIACT OCYLIECTBHTb AupdepeHuUMaJIbHylO XApaKTePHCTHKY KOJIMYeCTBEHHOFO 
cocTaBa KaxkoH (paklMun pas3ssebHO nO ceMH MNOArpymmaM HacbilleHHbIxX 
4 HeEHACHILUeHHBIX yrueBoLopoos. [IpuBeqeHHble JaHHbIe NOKA3bIBAaIOT PasIM4HA 

XHMMYeCKOM COCTaBe HCCJIEQOBaHHbIX OCH3HHOB, CBA3AHHbIX C pa3JIMYHAMU 
'B XMMHYECKOM COCTaBe HCXOAHOFO CbIPbA H CnocoOamu UX NepepaborKu. 
Pa6otTa BbImomHeHa mpu yyactun T. H. Byrypsosoi. 


| MuctutyT HesbTexuMuyeckoro CHHTe3a Toctynuso 
Akayemun HayK CCCP 26 VI 1959 


UMTMPOBAHHAA JIMTEPATYPA 


1A.B.Tonunes,o.X.Wcxaxosa, HM. A.Mycaesu ap., XHM.HTeXHOM. TON- 
mupa uw Macen, Ne 11, 26(1957), * A.B. Tonunes,H.A.Mycaes Hu gp., XuM. u 
TexHOJ. TONMHBa H Mace, Ne 12, 1 (1956). 7 A.B. Tonunes, H.A.Mycaes, JAH, 
420, Ne 5, 1056 (1958). 4 A.B. Tonunes,HY. A.Mycaesu gp., Toxn. AH A3sep6CCP, 
14, Ne 4, 291 (1958). © A.B. Tonunes, HW. A.Mycaes,I.f. Tanpnepy, 
JIAH, 115, 740 (1957), ®W.A.Mycaes, I... Tanmpnepn, KIIX, 12, Ne4, 572 
(1939); Tp. Wucr. uebta AH CCCP, 1, Bs. 2, 244 (1950), *B. A. Kasauckuh, 
I. Cc. Jlat ge6epr, Bectu. AH CCCP, 12, 61 (1948). ®H.A.Mycaes,l. 0.0 aas- 
nepu, JAH, 88, Ne 1, 71 (1953). 
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Jloxaagm Axkagemun nayr CCCP 
1959. Tom 128, N35 


MW. K. WATOBHY 


O COCTOAHHM JJIEMEHTOB CEPEAWHHbI YETBEPTOFO MEPHOA 
B COJIAHOKUCJIbIX PACTBOPAX 


(IIpedcmaeaexno axademukom H. H. Yepnaesom 13 VII 1959) 


Vouupiii o6MeH INMPOKO MCHOUIb3yeTCA WIA PaseJIeHHA MeTAJJIOB B IpakTH- 
Ke aHavl3a pasJIM4HbIX PyA u cmvaBoB. IIpu stom ecm WA pasqemeHuA cmMecek 
3nemeHTos I—IV rpynn npHMeHAIOT KAaTHOHOOOMEHHEIE, a JIA pasqesIeHuA CMeceH 
amementos V—VIII rpynn — aHwoHooOmeHHbIe CMOJIbI, TO pasqemeHHe Oosee 
61M3KHX I10 CBOHCTBAM MOHOB OCHOBBIBaeTCA TIaBHbIM OOpasoM Ha Pa3JIM4HOU 
CKJIOHHOCTH HX K KOMMIeKcooOpa30BaHui0. B cBa3M C 3THM HOHHbIM OOMeH MpH- 
oOperaer Bce GOoubllee 3HAYeHHE KAK MeTOJ, H3YYCHHA COCTOAHHA 9JIEMEHTOB, CO- 
cTaBa HM MpOUHOCTH HX KOMIVJICKCHBbIX COCMHHEHHH B KMCJIOTHLIX pacTBOpax. ITO 
BO3MOXKHO OaroapxA TOMY, UTO MPOCTHIe KATHOHbI MeTAJIJIOB MOFIOWAalOTCA H3 
PacTBOPpOB aKTHBHbIMM TpynMaMH KaTHOHHTOB, a UX KOMMVJICKCHbIe AHHOHbI — 
AKTMBHbIMM TpyntaMu AaHMOHHTOB. 

BecbMa HHTepeCHbIM IIpefcTaBAeTCA MCCIEMOBaHHe COCTOAHHA 9JIEMCHTOB 
B pacTBOpax COJAHOM KUCIOTbI, TAK KaK MO HMeIOWMMCA WaHHpIM (1 §) yoHOod- 
MeHHad copOluuaA Wake OM3KUX MO CBOHCTBAM 3JIEMCHTOB MOXKET CHJIbHO pa3- 
JIMYAaTbCA M3-3a HEOLMHAKOBOH MPOUHOCTH XJIOPHAHbIX KOMMJICKCOB. 

Hactosiai paOoTa mocBAlleHa CHCTeMaTHYeCKOMY HCCIEOBaHHIO C MO- 
MOLbIO HOHHOFO OOMeHa COCTOAHHA JJICEMeHTOB CepeAHHbI UYeTBepTOTO MepHosa 
B COJIAHOKHCJIBIX pacTBopax. Ja 9TOrO oNpekeuAIHCh KOSPPuUMeHTHI pacnpe- 
JeNeCHHA SJIEMeCHTOB Me@XK]Ly HOHOOOMEHHBIMH CMOJIAMH H COJIAHOKHCJIbIMH pac- 
TBOPaMH C KoHWeHTpauueH HCl or 0,1 no 10 N. M3yuanucb anementi Cr (IIT), 
Mn (II), Fe (III), Co (II), Ni (11) u Cu (IJ), sapastoujmeca TunM4HbIMU KOMIJIeKCO- 
o6pa3oBaTemamu (°), a Taxxe Ti (IV). 

OnpeyeieHne KoSPPHUMeEHTOB pacipedeeHHA MpOH3BOLMOCh OOUenpHHA- 
TbIM MeTOJOM (1): TOUHYIO HaBecKy BO3ylHOcyxoro HOHUTA BCTPAXHBaIH C 
ompeeJIeHHbIM OObeMOM UCccyIeLyemMoro pacTBopa JO HaCTyMeHHA PaBHOBecHuaA, 
OpaJIM aIMKBOTHBIC NOPWHH pacTBopa H ONPeeAMH KOJIMYeCTBO HECOpOupoOBaH- 
HOFO CMOJIOH 3JIeMeHTa OJHHM M3 KOJIOpHMeTpHYecKuX MeTooB (1°, 14), Brran- 
CAM KOSPPuUMeHTE! pacnpeyemeHua mo cbopmyuie: 


ee M, U 
bg ne M—M, fit 


rye M,— KoumuecTBo 3emMeHTa, CopOuMpoBaHHOro HoHUTOM, M — ooulee Ko- 
JIM4eCTBO SJIEMeCHTa B HCXOJHOM pacTBope, V — OObeM pacTBOpa, B3ATOTO MIA 
HCCIeqOBaHUsA, m — Macca voHnuTa. B Halimx ompirax v = 50 Ma, m = 0, 5r. 

Hcxofuble pacTBopbl ume Cilelyloulue KOHUeHTpattun: Ti (IV) 0,1197; 
Cr (IIT) 0,1733; Mn (II) 0,2794; Fe (III) 0,1861; Co (II) 0,2947; Ni (11) 
0,2935 wu Cu (II) 0,4765 mr/ma. 4 

B kavecTBe COpOeHTOB HCNOMb30BaMCb CHJIbHOKUCJIOTHbIC OHOyHKILO- 
HaJIbHble KaTHOHUTH! KY-2 u CBC, cubHOKUCJIOTHBIH MHOrotbyHKUHOHaJbHbIM 
KaTuoHuT KY-1 uw aHnonooOmenuaa cmoa AH-2®. [Ip nogroropxe x pa- 
OoTe HOHMTbI ObIIM OTMBITHI OT IPHMeceli, KATHOHUTHI NepeBeneHH! B H-cbopmysry, 
a aHHOHHTHI B Cl-cbopmy. 
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PesyibTaTbl onpeseieHuA KoappulNenToR pacnpesereHua mpescTaBseHbl 
| ra6a. 1. | 

HspecTHo, 4TO KOJIMYeCTBO KaTHOHOB, MOrOllaeMblX KATHOHOOOMeCHHOH CMo- 
(OH, YMeHblulaeTca 0 Mepe MOHMxKeHUA PH cpegpr (12), Oqnako cHwKeHHe cop- 
MP YEMOCTH 3JIEMCHTOB KATHOHHTAMH B COJIAHOKUCJIbIX PACTBOPaX He MOXET ObITh 
)OBACHEHO OHM H3MeHeHHeM PH, Tak Kak 3/ecb uMeeT 3Ha4eHHe OOpasoBaHue 
KJIOPHAHbIX A@HHOHHDIX WIM HeCHTPaJIbHbIX KOMIJICKCOB. 

M3 qannpix TaO1. 1 BuO, UTO B CpaBHUTebHO pasOaBsIeHHbIX PacTBOpax 
tOAHOH KuCOTHI (0,1—0,5 N) Bce u3yuaemple 9J1eMeHTHI COPOUpyIOTCA KaTHO- 


aout ww ait 
KosulnenTe pacpeyerenud 9eMeHTOB © B COJAHOKUCJIBIX pacTBOpax 


ee, Ti Mn | Fe | Ge | Ni Cu 
Ha K Yy-2 
OFA 324,61 292,96 3726 ,06 286 , 54 256n12 339 , 44 
Osa Poy Le 22,45 111 88 32,09 40,03 4,76 
4 1,95 0) 0,75 0 5,90 0,74 
f 2 0 0 0 0 0 0 
4 0 0 0 0) 0 0 
8 0 0) 0 0 0 0 
Fray C.bie 
0,4 156,26 72,46 1007 ,07 74,89 169,04 93 ,65 
ORS 30,49 14,79 49,47 362 29,01 8,46 
{ 0 - 2.49 7,79 4,72 24,07 7,43 
2 0 0) 0) 0) 9,14 0) 
4 0 0 0) 0 5,92 0 
8 0 0) 0 0 2,28 0 
Ha KY-1 (acnatTurtT-1) 
0,4 344 ,48 48,93 877,41 61,73 187,76 65,76 
OD, 20,68 Zig) 59,49 19°13 18,49 30 
4 Bee 0 16,64 1,97 10,54 1,47 
2 0 0 0 0 10,16 0 
4 0 0 0) 0 a 0 
8 0 0) 0) 0) = 0 
Ha AH-2® 
Opal 0) (0) 0 0 0 0 
0,5 0 0 0 0 0) 0 
4 0 0 0 0 0) 0 
2, 0 0 0 0 0 0 
4 0 0 0 0 0 0 
6 (0) 0 0 8,78 0 0 
8 14,76 0 26,94 36,90 0 0 
10 | 108,42 0 79 ,63 641,19 0 0 


IMTaMH B 3HAUHTeIbHOM CTenmeHH. CieqOBaTesIbHO, OHH MPHCYTCTBYIOT B PacTBO- 
ax B BHJe MpocrTsix KaTHoHoB Ti**, Mn?*, Fe%*. Co?*, Ni?*, Cu?*. IIo mepe 
[OBbILICHUA KUCJIOTHOCTH PaCTBOPOB HOHOOOMeHHAA COPOWUA SIEMEHTOB OBICTPO 
MeHbIUaeTCA, UTO (HAPALY C MOBHILICHHEM KOHIWEHTPallMH BOJOPOAHbIX HOHOB) 
(OX%KHO ODIO Obl OObACHHTb OOPa30BaHHeM AHHOHHbIX KOMMIeKcoB. JlaHHple 
aon. 1 noKa3piBaloT, YTO HauMHadA c 6 N pactrBopa comAHOM KucHOTEI Co (II) 
lepexOAUT B XJIOPHAHbIe AHHOHLI MH COpOupyercsd aHHOHOOOMeHHOH cmosoH. Y 
utaua (IV) u Fe (III) o6pas0BaHue aHHOHHBIX KOMIIJIEKCOB OTMeYaeTCA, HauH- 
aa c 8 N xoullentpalluu comasHoKucsioro pacTBopa. Uto kacaetca Mn (II), 
Ji (II) u Cu (II), To nomHoe oTcyTcTBHe COpOWMH AHHOHUTOM HCKJIIOUaeT BO3MOX- 
OCTb HaxoXJeHHA HX B BUe AHHOHHbIX KOMMJICKCOB MPH JaHHbIX YCJIOBHAX 
ucnoTHocTu. Ilo-suyqumMomy, mpHOmusuTembHo c 2 N KonlenTpaltun pacrBopa 
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HCl 91 au1eMeHTbI CYyLeCTBYIOT B BU€ HEHTPaJIbHbIX KOMMJICKCOB, eCJIM Mocex 
Hue JOCTaTOUHO YCTOHUMBHI. 

OrnocuTeibHO cocrosHua xpoma (III) B couMHOKHCIbIX PaCTBOpaxX MbI Hi 
NOJIYYMIM HOBbIX JaHHbIX 10 CpaBHeHHIO C MMeIOLWMMHCA B sMTepaType (?) 
Ipu Kontlentpaltuax pacrsopos HCl ppuue 2 N xpom He copOupoBaicaA HM Ka 
THOHHTAMM, HH aHHOHUTOM. Byy4H OJHMM M3 CaMbIX THIIMYHbIX KOMIJIeKCOOO 
pasoBaTeeli, OH, BEPOATHO, Tak%Ke OOpa3yeT HeHTPaJIbHbIe KOMIVJICKCHI. 

Tlomyuenupie HaMu JaHHbIe MOryT HMeTb NpakTHYeckoe 3HaYeHHe AA Wesel 
Pa3IeICHHA 3ICMCHTOB CepeLHHbI YETBEPTOFO MepHoa C NOMOLLbIO KOJIOHOUHO! 
xpomatorpadun. OuepuHO, ITO KaxK bli M3 MeTAJIJIOB, OOpasylOUlNX AHHOHHBIK 
XJIOPHAHbIe KoMMeKcbI (Ti, Fe, Co), mower ObITb OTAesIeH OT XpoMa, MapraHia 
HUKeJIA H MCW AHHOHOOOMCHHBIMH CMOJIAMH V3 JOCTaTOUHO KOHILEHTPHPOBaHHby 
(8 N u 6omee) COMAHOKUCJIBIX PACTBOPOB. 

M3 pacTBopoB, B KOTOPbIX OTHOWeHHA KOS*PPNUMeEHTOB pacpeseeHHA As 
OTJCJIbHbIX lap Me€TaJIJIOB CPaBHHTeJIbHO BeJIMKH, MPeACTaBJIAe€TCA BO3MO2KHBIN 
pa3qemeHue HW C MOMOLIbIO KATHOHHTHBIX KOJIOHOK. 


Ky6anHckuit cebCKOXO3AHCTBeHHBIM Tloctynuao 
HHCTHTYT 10 VI 1959 
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HTornzage Akagemun nayr CCCP 
1959. Tom 128, Ne 5 


PH3HTECKAA XHMHA 


MW. C. ABETHCAH u T. H. EMMPAHOB 


BJIMAHHE MNOBEPXHOCTHO-AKTHBHbIX CMA30K 
HA COMPOFHBJIEHHE CABUrY DNPH TPEHHH - 


(ITpedcmaenaeno akademuxom IIT. A. Peduxdepom 18 V 1959) 


B pa6otax (1) moka3aHo, 4TO OCHOBHBIM cOJepxKaHueM Mpollecca BHeLIHero 
PeHHA YHCTHIX MeTaJIJIMYeCKHX MOBePXHOCTeH ABJIAeCTCA TIacTHYeCKoe CABHTO- 
O6pas0BaHHe, MpoTeKalolllee B OTHOCHTeCIbHO TOHKHX MOBCPXHOCTHBIX CJIOAX 
omee Ca6oro MaTepHala Tpyllelica napbl. Ilostomy xapakTepHcTHKUN TpeHHA 
CMa TPeHHA H KOSPPHUHeHT TpeHuA) ONPeNeAIOTCA B NepBy!O OYepeb mpoU- 
(0CTbIO Ha CABur cmadoro MaTepHana (PPHKUMOHHOHK napbl MH CyMMAapHOH m0- 
MalbiO, pasBuBalolleica Mp TpeHuu. 

IIlpu Hasmuuuu Ha MOBepXHOCTAX TpeHHA TOHKOrO cod (~0,1 ) TBeEpol «mo- 
(ebHOM» CMa3KH C HH3KHM COMPOTHBJIeHHeM Ha CABUr (rpaduT, MATKHe MwacTu4- 
ible MeTAJLJIbI HT. 1.)-CABHT Mp TpeHHH NepeBOAUTCA H3 MOBePXHOCTHEIX C/10eB 
‘PYILUXCA Tel B CO cma3ku. Bmecte c Tem JOpOXKKH TPeHHA, ABJIAIOWMeCA 
IeaMH <IpomaxXuBaHHA» NOBepXHOCTeH TPeHHA BHEAPHBLINMHCA B HHX MUKPO- 
sbICTYMAMU, BbIPaOaTLIBAIOTCA MO-MpexXHeEMY B MaTepHae Tpylluxca Te. Tpe- 
ide B YCJIOBHAX CMa3OUHOFO AeCHCTBUA TAKHX CJIOCB ONMHMCHIBACTCH KOJIMYCCTBEH- 
10 CJleyIOWl4M ypaBHeHuem (’) 


Py = Pee Py San E'S 38) (15 


3yecb Fy — Chula TpeHuA TIpH HOpMaJIbHOK Harpy3ke NV, F.— moBepxuocTHaa 
SIBUTOBaA COCTaBJIAIOULad STO cusbI, S.—nmsomlalb CIBHra B MaTepHavie 
WICHKU, Ty, — MPOUHOCTb Ha CABUr 9TOM NieHKy, Sp — M0Maib nonepeynoro 
CeuUeHUA =OpOmRKKH TpeHua, 9—compoTHBeHHe MaTepvasa mMulacrTuyeckKOMy 
STTECHEHHIO TIPH OOpas0BaHuH MOPOXKU TPeHHsA. 

V3 ypapuenna (1) calemqyetT, uTO CABHTOBAaA COCTAaBJAIOM Aad YeJIbHOM CHIBI 
rpenua fc = F./S- OKA ObITb paBHa MPOYHOCTH Ha CAB MaTepHawa MVIeHKH 


ie = Unie (2) 


ITOT BbIBOL ObII NOATBePK eH OMbITAMH MO UCCIeqOBaHMIO CMa3O0UHOTO AelicTBUA 
II@HOK padura, OJIOBa, CBHHIWAa, KaMHA, WHHKa MW M€{M, HAHeCCHHBIX Ha CTaJIb- 
ible MOBeEpXHOCTH (”). 

IIpeacTaBsAasl0Ccb BaXKHbIM HCCJI€LOBaTb C ITOH TOUKH 3PeCHHA BIMAHHE TBEP- 
[bIX H 2%KHAKHX OPraHH4ecKHX CMAa30K Ha XapaKTePHCTHKH TPeHHA MeTaJIMyueC- 
‘HX MOBePXHOCTeH, B YaCTHOCTH Ha COMPOTHBJeHHe CUBHryY KOHTAKTHbIX CJIOeB 
‘pylluxca Te. OnbIThI MPOBOAMJIHCh Cc NoycepHyecKuM MOJISyYHOM H3 3aKaJIeH- 
ioH CTaIH, CKOJIb3HBUIMM M0 MJIOCKOH MOBepXHOCTH, MOJIyYeHHOH MyTeM cpes3a C 
Opasila TOHKHX cTpyxek. Ilon3yH umes Juamerp 12mm. Mcnpiranua” npoBodHCcb 
IDPH HOPMAJIbHbIX Harpy3Kax, paBHbIxX 12,5 KT Aa cBuHIa, KaMuA HM WMHKa, 
5 KT Aa asioMHHuA u ovioBa, 50 KI Aa wene3a uw MeqH Hu 62,5 KI Aa cnaBa 
1-437. 

B mepBou cepHu OMbITOB ObIIO H3Y4eHO BJIMAHHe H3ObITOUHDIX CJIOCB TBEPAbIX 
)PraHuyecKHX CMA30K MapatpuHa, WeTHOBOTO CNUPTa HM MasJIbMHTHHOBOH KHCJIO- 
‘bI Ha XapakTepucTuku TpeHuA. Ilapadun Obi BLIOpaH B KavecTBe HeNO/IAPHOTO 
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| 
yreBoopofa %KMpHoro psa, UeTHOBbIN CHMPT H Mal bMHTHHOBAA KuCHIOTE 
KaK THIMUHbIe NOBEPXHOCTHO-aKTHBHBbIe BelLleCTBa C Pa3JIMYHOH XHMHYCCKOH aK’ 
THBHOCTbIO. Ha noBepXHOCTH TPe€HHA STH BeLeCTBA HAHOCHJINCb B Bue pacTBOpeé 
B jmeTyyem pacTBopuTee. Iloce ucnapeHHA PaCTBOPHTeIA CMa3aHHaA MOBepxX: 
HOCTb TU[aTeJIbHO BLITHPalaCb YHCTOM MapJieH JO MOJyYeHHA TOHKOH MVJIeHKH, 
IpowHo yep2KuBalollelica Ha NoBepxXHocTH TpeHus. Tako cmoco6 HaHeceHHy 
cMa3KH oOecneuHBasl MOyYeHHe XOPOLWIO BOCMPOH3BOAHMBIX Pe3yJIbTaTOB™ 
MmpeAcTaBJeHHBIX B TaOu. |. 


f 


Ta6auna 1 | 


Buuanne rpavHuHEIX CJ1OeCB TBEPAbIX CMa30K Ha KoapPUUMeHT TpeHHA Y, CABHFOBYIO CO- — 
CTaBJIAIOULyIO yeibHoH cunt Tpenua f, (KI /MM?) M cTeleHb 9KPaHHPpOBaHUA MOBepXHOCTer 


TpeHua JF (%) 


| 


yKese30 Mexp Lyk AsmomuHni Ow0BO CBHHel 


Cma3kKa 


IlpounoctTb Ha 
caBur KI /mM? 


Beyxyro |1,6 |48j—/1,3 |32/—/0,8 }42 | — |1, 
Mapadun |0,11/1,7/97/0,08)1 , 5/95|0, 08/0, 63/94, 7\0,16 
Letuo- 
BbIi 0,4 |1,4/98/0,08/4 ,5/95|0,07/0,8 |93,410,4 |0,36/95/0, 31/0, 89/69, 5)0, 19)0, 2/93)0 , 07 
CNUpT 
[lasbmu- 
THHOBaA 
KHcuoTa |0 ,09}0,82/98]0 , 08/1 , 6/95/0 ,08/0,8 |93,4]/0,08/0,6 |93/0,2 j0,34/89,3)0 , 37/0, 8}73)0, 0 
OuenuHo- 
Baa 
KucaoTa |0,16/4,3;|—|0,14/5,0|—|0,21/5,0 | — |0,26)2,1 |—/0,4 {1,0 | — |0,16)0,2|—-| — 


’ 


86|0,25/0,64|78 |0,22/0,3/9010, 42 


M3 aHHblx Ta6u. 1 BALHO, YTO TBEPAble OPraHHYeCKHe MJICHKH BbIZbIBAIOT 3Ha: 
YHTeIbHOe MOHH2KeHHe CABHTOBOH COCTaBJIAIOWeH YeIbHOH CHuIbl TpeHHA f, 
(go 60 pas) u Kospduluenta TpeHua pw (Zo 20 pas). IIpu stom He HaOsmtojaeTes 
peskoro pa3JIHYHA B CMa304HOH CnocoOHOCTH HelosApHOro mapaduva u TaKHX 
BbICOKONOJAPHbIX COCMHHeEHHH, Kak IeTHJIOBbIM 'CHMPT HM MaJIbMHTHHOBaA KU 
cjoTa. 

Kak 1B Culy¥ae TBEPAbIX MOJEJIDHBIX CM430K CIBHTOBAaA COCTAaBIAIONAA yAeub 
HOH CHJIbl TPeHHA MpaKTHYeCKH He 3aBHCHT OT MCXa@HHYeCKHX CBOHCTB Tp yUlHXx: 
CA MeTaJIJIOB. OHaKO NO CBOel BeJIMYHHE OHA 3HAYHTEbHO MpeBocxoguT (pH 
MepHo B 10 pa3) mpouHocTb Ha CABHT MaTepuauia cmaskH. Jina OObaACcHeEHUA NO 
JIYYeHHbIX 3AKOHOMEPHOCTeH MOXKHO ObWIO Obl NPeLNOOXRUTb, YTO MpH HaHece 
HHH CM@3KM OMNHCaHHbIM CMOCOOOM Ha NOBePXHOCTAX TPeHHA BOSHHKaeT HapyxX 
HbI Clo — «rpaHHunad (basa, B KOTOPOH HM MpouNcxo_UT cCABUr pH TpeHun 
SHauNTeIbHOe Pacxox*eHHe MEX LY fe U Try CMA3KH OOYCIOBJICHO NOBbILIeHHBIMI 
110 CpaBHEHHIO C OOBEMOM MeXaHHYeCKHMH CBOHCTBaMH TakKUuXx daz (*). Ho c aru 
OObACHEHHEM HE COracylOTCA Pe3yJIbTATbl, MOJYYeHHbIe C HENOJAPHbIM Mapa 
(pHHOM, Tak Kak N10 JaHHbIM (4) HENOMAPHbIe yrueBOAOPOAb! He JawoT rpaHuyHsl: 
bas. B To xe Bpemsa MWIeHKH NapadHHa oO CBoeMy CMa3OuHOMY JelicTBHIO H 
OTJIHYAIOTCA MPaKTHYECKH OT MVICHOK WeTHJIOBOrO CHMPTa MW MaJIbMHTHHOBOH KH 
cloTbl. C Apyro cTopoubl, ecmH Obl B CMa30UHOM JelicTBHH TBepAbIX rpaHHuy 
HbIX IJICHOK OCHOBHAA POJIb NIPHHaexKala alcopOuMOHHOMy nacTuduLpo 
BaHHIO NOBCPXHOCTHEIX CJIO€B TPYIMHXCA MeTaJIIOB (°), TO, BO-MepBbIX, HeNOwIApP 
HbI Napapuk NOKeH Obl Obl OOaNaTh 3HAYHTEIbHO XYJIUHMH CMa30UHbiMI 
CBOHCTBaMH, YM HeTHJIOBbIH CIMPT HM MaJIbMHTHHOBas KUHCJIOTA; BO-BTOPbIX 
CABHTOBaA COCTABJIAIOUAA yeIbHOH CHIbI TPeHHA JouKHAa Oba Obl CHIbH 
SaBHCeTb OT MCXaHHYeCCKHX CBOHCTB MeTasa OOpasila, MOBePXHOCTHBIe CuO! 
KOTOpOro NOABepraloTcs alcopOlnoHHOMy MiacTupuluposannw. B pelicrBuTeb 
HOCTH, KaK BHAHO H3 TaON. 1, HH TO HU APyroe He uMeeT MecTa. 

Ilostomy MoxKHO nowlaratTb, YTO AelicTBHe H3ObITOUHIX COeB TBEPAbIX op 
TaHHdeCKHX CMA@30K COCTOHT B OCHOBHOM B 9KPaHHPOBaHHH NOBepxHocTeli Tpe 
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a(°). Tak Kak 93TO SKPaHMpOBaHue HUKOF a He ObIBaeT NOJHbIM, TO CABHTOBaA 
CTAaBIAIOUAaA YeJIbHOM CHJIbl TPCHHA MOXKET 3HAYWTEIbHO MPeBbIATh Try 
asku. B ran. | npBeyeHbl WHCIeHHbIe 3HaYeHNA CTeneHH 9KpaHupoBaHua \F 
3 TIPOWeHTaX, BbIYHCIeHHBIe NO SKCHePHMCHTA/IbHLIM JaHHbIM JA fc). Ana ac- 
@KTHBHBIX CMa30K J mipeBocxoguT 90%. 

Tloy¥eHHble pe3syJbTAaTbI He CBUJETEIbCTBY!OT, KOHCYHO, O TOM, UTO B HC- 
e0BaHHOM CJly4ae ajcopOlMOHHoe MviacTHdulupoBanve He HMeeT MECTA. 
HU yKasbIBal0T JIMUIb Ha TO, YTO OTHOCHTe/IbHaA eTO POsb B (POPMUPOBAaHHH CMa- 
qHoro AeHCTBUA U30bITOUHBIX CEB TBep/IbIX MJICHOK HeBeIHKa. Ilo Mepe yMeHb- 
ICHHA TOJUMHHbI CM4304HbIX CJIOCB POJIb ACOPOWUMOHHOFO mMuacTHcpUulUpoBa- 
MA WOJKHA BOSPaCcTaTb UM [WIA MpeebHO TOHKUX FPAHHYHBIX CJIOeB OHO CTa- 
(OBHTCA, BePOATHO, OJHHM U3 OCHOB- 

bIX PAKTOPOB, OMpeWesAICLAUX CMa30u- 4 __- Pile? aE 


8 MMZ 
oe jlelicTBHe TlOBepXHOCTHO-aKTHBHbIX = Arann J 8 
pare aaa 6 05 
oe 


ex (“). 

MHTepecHo OTMETHTh, YTO OeHHOBAA 
McoTa, MMelollaxt MPHMepHO Takyi0 ), sated se? 
e WIMHY yruieBoopoqHon Wenu, Kak 
| ‘MaJIbMHTHHOBaA KHCJIOTAa, IPOABIAeT 
joulee HH3KOe CMa30UHOe eHCTBHe, TaK 
‘ak, Oy yuu *RKUAKOH, OHA He OOpa3yer 
(pOuHOH TBepAol rpaHu4Holi neHKu,B ” 
OBeCPIIeHCTBe SKPaHUpyr1ouleH moBepx- % 
ocTH TpeHua. B To xe Bpema B ycmo- “7-3 
t = go reuBEEX ee CR Ne Pue. 1. Bananue iMHbI yraepoqopoyHoH 
DOPMaNMH, KOTa OCHOBHO€ 3HAYe€HHE enn 2xnpKoli cma3KM (ciMpTa) Ha XapakTe- 
{pHoOpeTaeT TeyeHHe B TOHKHX MOBep x- PHCTHKH TPeHHA 
{OCTHBIX CJIOAX CAMMX METAJVJIOB, OJeH- 

OBaA KHCIOTA OKa3bIBaeTCA NO LaHHbIM padorer (§) sddbeKTHBHee, ¥eM, HalpH- 
“ep, CTeapHHOBas. 
- Bo sBropol cepuu OnbITOB uccCmeqOBaacb CMa304UHAA CHOCOOHOCTh %KHAKUX 
([CNONAPHbIX YrIeBOTOPOAOB *KMPHOrO Psa (or rekcaHa JO WeraHa) H “xX Mmpo- 
{3BOJHbIX: KHCJIOT (OT YKCYCHOH JO MesaproHOBOH) H CHUpTOB (OT MeTHJIOBOrO JO 
{elHJIOBOrO). Peg ysbTaTbl OMbITOB IpelcraBleHbl BTa6s. 2. M3 Rannprx Tabs. 2 
3H ]LHO, 4TO, BO-M€PBEIX, KUAKHE YIeBOMOPOAbl HM UX MPousBOLHbIe oOaaroT 
sHAYHTEJIbHO XYAUIMMM CMA3O4HbIMH CBOMCTBaMH, YM rpaHHUHble MWI€CHKH TBep- 
{bIX yIvIeBOJOPOXOB M UX MPOW3BOLHBIX. Buispannoe HMM NOHWKeHHe PH fc B 
2—5 pa3 MeHbIle COOTBETCTBYIOMErO NOHW2KCHHA, BbISBIBAeCMOFO TBEPABIMH IVJIeH- 
Ta6Omuna 2 
Sananure KHAKUX YPIeBOLOPONOB UM MX MPOMSBOHHIX Ha KosdPuuveHT TPeHHA pw MU CIBH- 
TOBYIO COCTABJMIOWLYIO yAebHOH cub! TpeHua f, (KI /Mm?) 


YN ph ge pg 


6 6 0 


Herosapunie CruptTbl Kucnorei 
yruleBoxoponsl 
‘ 3 } ae Ce ee 3 
1 ta C 4 ‘ ° 2. ‘ 

>| zle{=/=x/2 | 8/8 lz (§ (8 | Slesl8 |es/8 | | Ss 
1A Ss a Ss oS | So. Be |S oO S = > Sig ak] S EI oa 
> me lt geil) | RS SS) ee Heeb (se: emerge eB alice Felon] 5s 
aa) B 2} S| &[ea! 6 alfa |Salkal >|PR|anlzc(/ea|aa| ee 
Mew p | 1,82] 0,7 |0,48)/0,45) — |1,12 |0,95 /0,64 /0,64 |0,53/0,5 /0,71/0,67/0,54) — | 0,38] 0,24) 0,47 
f, | 81,5 | 19,8 43,5/42,7) — 15,2 |16,7 |4 12,2 42,0] — )42,2/43,1/11,3/7,9 | 8,2 | — | 6,2 
\momunu | 1,64] 1,07 |1,16/1,4 | — 4,4 [1,02 |0,89 0,8 |0,73/0,69)1,32/1,18]1,09) — | 0,9 /0,8 | 0,65 
F, [9:6 | 8,20]7,9 7,7 | — |5.85 |5,6 5,45 5,4 |4,55/4,5 |7,0 |6,4 6,3) — | 4,8 | — | 3,6 
Kese3o » 14,9 | — | — | — |] — |0,52 10,54 J0,43 10,38 |0,36/0,32/0,55/0, 49)0, 48 0,42 | 0,39| 0,3 
ips 49 — | —] — |] — [22,6 125,9 ]22,1 |18,3 |16,6) — |14,3)18,2)14,8)11,8) 9,7 == |) 50,8 
snap SV-437 p | 1,43} 1,53 |4,16/1,15] — 4,34 |4,58 4,16 [1,05 |0,76/0,67/1,16)1,0 |0,83/0,76} — | 0,69] 0,58 
We 126 | 125 |422 |110 |408 | 95 |108 | 81 | 75 | 64 | 59 | 79] — | 59 | 54) — 40,2 


Kamu Bo-BTopplxX, CMa304Had CiOCOOHOCTh KHAKMX COCKMHeHHA CylleCTBeHH( 
3aBHCUT OT UX MOJIAPHOCTH: OHA MAKCHM@JIbHa Y KHCJIOT, H€CKOJbKO HWXKE | 
CMMpTOB H elle HHXKe y HeMOMAPHHIX yrueBoqoposoB. B-rpeTbux, CABUrOBasA CO 
CTaBIAIOUad YICIbHOM CHIbI TPeHHA HU KOSPPMWHeHT TPCHHA 3AKOHOMEPHO Ma 
WatoT M0], BAMAHWeM XKAAKHX YreBOAOPOMOB MH UX MPOW3BO/HBIX C YBeJIMICHHED 
JWIMHbI Wemu, Kak BUHO u3 puc. 1. Hakone, BemH4MHa CABHTOBOM COcTaBsAIO 
eH yHeIbHOH CHJIbl TPeHHA B MPHCyTCTBHM AXAAKUX yIvieBOAOPOAOB HW UX MPO 
U3BOJHbIX CHJIbHO 34BMCUT OT M€XaHMYeCKUX CBOMCTB TPyWHXcA Te. ITO M0 
Ka3bIBaeT, UTO B JaHHOM Caly4ae MeXaHHyecKHe CBOHCTBa MOBePXHOCTHBIX CJIOC! 
TPYWIMXCH Tel MPHHUMAIOT HelocpeAcTBeHHOe y4acTue B POpMHpoBaHHH Xapak 
TePHCTHK TPeHHA. 

Bce 3To JaeT OCHOBaHHA MOMaraTb, YTO B CMa304HOM AeHCTBHH %KUAKAX M0: 
BePXHOCTHO-AKTHBHBIX Cpe B OTMM4He OT TBePAbIX HapAy C SKPaHUpyIOUAN 
WeHCTBHeM pelilaioulee 3HaveHHe MmpHoOperaeT acopOWMOHHOe mMlacTuPUlApo: 
BaHHe MOBEPXHOCTHbIX CJIOCB MeTAJIIOB, MPHBOAAMIee K MOHMKeHHIO COMPOTH 
BJICHHA CABHTy HW, TEM CaMbIM, K MOHMKCHHIO XAPpaKTePHCTHK TPeHHA. 

Stor BEIBOA NOATBepxAaeTcs Tem (°), YTO MPH CKOJIbXKCHHH CTAMbHOrO Wap 
Ka 10 MOBepXHOCTH  xxKeme3HOrTO OOpa3iia paspaOoTKa JIYHKM B MpHCyTCTBHl 
*KHJ[KUX MOBePXHOCTHO-aKTHBHBIX Cpe HHTeHCH@uIMpyeTcA, HECMOTPHA Ha TO 
UTO KaCaTeJIbHad CHa TpeHHA Mp ITOM 3aMeTHO MayaerT. 


VUuctutyT tbusuyeckKoH XHMHH Tlocrynuao 
Akajlemun HaykK CCCP 27 IV 1959 


WMTHPOBAHHAA JIMTEPATYPA 
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PH3HYECKAAH XHMHA 


B. M. AMOHEHKO, JI. H. PABUYMKOB, Fr. © THXHHCKHM u B. A. OMHKEJIb 
) MEXAHH3ME HCNAPEHHS BEPHJIJINA B BbICOKOM BAKYYME 


(ITpedemaeneHo axademuxom T, B. Kypdimoseim 6 VI 1959) - 


BosMOxXHOCTb WHpoKoro mpHMeHeHuaA Be B TexHuKe B HacTosUlee BpeMA 
| paHu4MBaercsA eo HH3KOHM MJIaCTHYHOCTHIO, NPHYMHOH Yero ABIACTCA, NO-BUH- 
DMY, 3arpaSHeHHe MeTala UpuMecamu (1, *), TaBHbIM O6pa3s0mM KHCOpo.OM 
). ComepxKanue Kucloposa B OepHJIIHH, NOyYeHHOM 93/1eKTPOMHTHYeCCKUM U 


CTHJIJIAIMMOHHbIM MeTOJaMH, OObIUHO fj Be,” 
Koo 0,1% (4). 120°C 2 
| Lempto padorTbl ABWYJIOCh H3yY4eHHWe Me- 1G (ee OE Sa 1) 


aHH3Ma HCiapennA Be 1 BbIACHeHHe Npu- 


OBaHHOM mMetTasme. Jlna uccmeqoBaHHa 
MOJIb30BaH Macc-cneKTpometp Tuna MC-1 
0 CTaHJapTHbIM HOHHbIM HCTOUHVKOM, B 
OTOpoM Obl NOMelleH THTeIb H3 OKHCH 
ePHIMA, HarpeBaeMbIH BOsb~paMoBok 
imupambio. B Turemb 3arpyxamocb 20— 
(0 mr BbICOKOUNCTOFO AMCTHJIIMPOBaHHoro 
Be. Ucnapeuue Bemocb Yepe3 KOJIJIMMAaLH- 
jHHOe OTBeEPCcTHe B MOJIMOJCHOBbIX 9KPa- 
(ax, OKPyKalollux Tureib. Temnepatypa 
ympesemAacb 10 MOABOAHMOH MOLLHOCTH Cc 
rouHocTbIO -+-5°. BakyyM B OOacTH HOHH- 
atopa ~10 ° wm pr. cr. Ilappt npoxoqumu 
3 HOHM3allMOHHY!O KaMepy MCTOUHHKAa MAaCcc- 
(M€KTPOMeTpa, HOHbI aHaIM3HPOBaJIHCb U 
[eTCKTHPOBAJIHCb OObIUHbIM cnoco6om. Mu- 
feHCHBHOCTh WOHHBIX TOKOB H3MePpAAaCh  ygqy? 

bIEKTPOMCTPHYeECKHUM YCHJINTeJIEM. pane 

| Ha puc.1 nokasanbi macc-cnextppi mpH 9 © 6 20 li WO 
basM4HbIxX Temnepatypax. IIpuucnapeHuM pyc, 1. Macc-cnextp mapos Hay cucre- 
Be H3 TBeEPAOrO COCTOAHHA B CieKTpe pe- mo Be — BeO np pasumunbix Temme- 
p6lagaeT Macca 18, cooTBeTcTBylollasx u- paTypax 

uepy Bee. OuepnyHoO, YTO HaOOAaBueeca 

baHee CYyIMeCTBOBaHHe MOJIEKYJI B apax TaKUX SJIEMeHTOB, Kak Si, C, Bi, a Takxe 
u, Ag, Au (°, °) umeer mectou y Be. O6pa30BaHue Aumepa Bez He cBx3aHO C Ha- 
HYMeEM OKHCH GepHIIHA, YTO NOATBEP2KTeCHO MaCC-CMeKTPOMeTPHYeCKUM H3yue- 
vem cyOnumauun Be u3 TaHTanoBol ofouKH. B stux onpirax mp Temnepaty- 
bax 850-—1150° na6mt0aca MOHHBIM TOK TOKO Bes . Bye TemmepaTypbl 11aB- 
CHUA OTHOWMeHHe HOHHBIX MHTeHCHBHOcTeH Bet/Be} MeHseTCa; mpeoOmaaolluM 
TAHOBMTCA TMK Maccbl 9. YMeHbIIeHHe HHTCHCHBHOCTeH MMKOB OepHIUA C Te- 


ICHHEM BPCMeCHH CBA3AHO C PaCXOJOM MeTasa MpH UcnapeHunH. 

IIpu temnepatypax Baie 1300°, Hapay c noHams Bet, Be, u BeO+ na6m0- 
laica mK Maccpl 34, HamMuMe KOTOPOrO MOXET ObITh OObACHEHO TOMbKO OOpa- 
;OBaHHeM HUB3ero OoKuCIa Be2O. CymlecrBeHHO OTMeTHTb, YTO 3aKHCb OepH- 


1265" Bp 
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JIMA HaOmoamacb B Macc-cnekTpe[JHIb B MpHCyTCTBHH MeTAaJIIMYeCKOrC 
Oepnaana. 

IIporpes BeO 6e3 metasa He IPHBOANT K OOpas0BaHHlO HUSIWerO OKHCIA 
CyulectBoBaHue coequHeHHA BezO Oniio noxTBep?keHO peHTreHorpa@uyeckH, 
Temuo-cepbili ocaqoK, KOHJe€HCHPyIOUlMHcA Ha 9KpaHax KOJIWIMMaTOpa, TEMII€ 
paTypa KOTOpbIX BO BpeMA OnNbITa WocTHraa 1200—1250°, Obi oTJeneH U 
NOJBeprHyT PeHTTeHOCTPyKTYPHOMY aHan3y. 

Ha peutrenorpammax OOHapyxKeHbl Be CHCTeMbI JIMHHK: BeO (csa6ble 
JIMHHM) HW (a3bl, OOnapatowleli kyOuyecKOM pelleTKOH THNAa CaF, c napamet- 
pom a=5,402+ 0,001 kX 4 WeHTHUUMpOBaHHOH Kak Be,O, Pacuer 
WHTeHCHBHOcTeli peHTreHOBCKHX  uHTepdpepenunH Be,O mpu asuce 

Pete ft 3.0 dee 100 Stel eencles Bom Maton 
pene: Be = (237 7a ao. 2 odin teen uae 
3.3 1 sy ay ays / , Ae gel 4: yd 
Re ae AOR A LL aint tg er 
TeJIbHOe COBMaeHve C 9KCNepHMCHTaJbHO NOMyueHHbIMH (TaOu. 1). 

Bra6u. | npuBetenbl JaHHble Js 
Ta6auna 1 CuK,-v3ayyenua. Jina FeK,- 4 NiKa- 
W3yueHHil ToxKe MoyYeHO yOBJe- 


0) Jal YMOBJIETBOPH- 


MutTeHcuBHOCcTU 

______.—.._ TBOPHTeJIbHOe. coBnayzenve c pacders 
(kL) d exeserawe i HbIMH 3HAUCHHAMH WHTCHCHBHOCTEeH. 
ubie Takum OOpa30M yCcTaHOBJeHO, UTC 
Oepuimuh ucnapseTcA B OCHOBHOM 
(111) 3, 1050 100 400 B Bue AuMepa Bee u3 TBepdOH casei 
(220) 41,9028 n79 74 HW MOHOMepa Be u3 KugxKocTu. IIpu 
(311) 41,6210 23,2 21 TemmepaTypax ~ 1400° u Bpllle B Ba- 
Cat Baas a3 3 kyyMe uyet peakuna Be + BeO— 
(422) 11018 18'9 93 = Be2O, mpoXykt KoTopoh BeeC 
(332),(511) 14,0380 4,3 6 YCTOHUNB TIPH HOPMaJIbHbIX YCJIO- 
(440) 0,9535 (pe 13 Buax. Huswuk okuce Oepusua o06- 
{890} NB ae Jlaaer yleryyecTbio Gombueli, 4eM 
(533) 08242 3"9 as BeO, w sABMIAeTCA OJHUM H3 HCTOU- 
(622) 08154 19.2 18 HHKOB 3arpA3HEHHA OepHJIHA KHCJIO- 
poJOM NpH JAMCTHAIAWHH B THIVIAX 

u3 BeO. 


ABTOPbl CUHTAIOT CBOMM MIPHATHBIM JO/ITOM BbIPa3sHTb 6,laroapHOCTE 
B. I. Jlazapepy 3a uvTepec K paOoTe wu WeHHbIe 3aMeuaHHa. 


@u3HKO-TeXHHYeECKHH HHCTHTYT IT 
Akayemun Hayk YCCP 3 VI 1989 
r. XapbkKos 


UHMTHPOBAHHAS JIATEPATYPA 
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PH3HYECKAA XUMHA 


Jl. 1. BEJIBIX un An. H. HECMEAHOB 


M3MEPEHWE JABJIEHUA MAPA, PABHOBECHOrO 
C TBEPJOM OKWCbiIO BEPHJIJINA 


(ITpedcmaeneno axademuxom B. H. Cnuyoinoim 5 VI 1959) 


Tlepppie cBeeHuA OTHOCHTCIbHO JIETYYECTH OKHCH OepuHA NoNyyenb Oyx- 
tepom (1), BpyHHepom u Pydcbom (?), mo JaHHbIM KOTOPbIX OKHCb OepuuA e- 
Tyya ellie Jo Temnepatypbl niapnenusa (2450-+-50°C), ofHako mpu Temnepaty- 
pax Toro xe nopsyKa (2400+-100°C) Tueze u BupuOpayep (°) He na6mogamn 


- HCMaPpeCHHA BeuULecTBa. Ha ocHOBaHHU MOCMeOBaTeIbHOCTH HCNapeHHA pa3JIH4O- 


HbIX BeU€CTB HW yasieHHOCTH novioc KoHAeHCalluH Morr (*) OlleHH HOPMasbHy10 
TOUKY KuNeHuA OKHCH Gepusaua: 3900°C. B GOonee no3sqHux paGotax (5, 8) 
W3yUaJIMCb TlaBHbIM OOPa30M BOMPOChI yBeJIMYeHHA JIETYYeCTH OKHCH B MpHCyT- 
CTBHH napa BOI. OpBeem u CelitpepTom (*) MaBeHHe Napa 4YMCTOH OKHCH Oepu- 
uA Obllo u3sMepeHO AnddepeHWuasIbHbIM BapHaHTOM 9PdPy3HOHHOrO meTosa 
¢ npuMeHeHHeM pasnoaKxTuBHoro u30TONA 4Be’. Ilo 3aBucumocTH JaBeHHA napa 
OKHCH OT TeMMepaTypbl 3TH ABTOPbI Hall TOUKY KuneHHA: 41204-170°C. Tlo- 
CKOJIbKY OblsIO ycTaHOBIeHO (*), YTO OKHCb O€PHJIJIMA MOXKET BOCCTAHABJIMBAaTbCA 
IPM HarpeBaHuH B BaKYYME MECTAJIJIAMH, B UaCTHOCTH BOIb(PaMoM, Pe3yJIbTAaTHI, 
nowyueHHple Oppeem u Celieptom nytem sddpysuu napa okucn OepuuA U3 
BOJIbPPAMOBbIX KaMepP, TPeOyIOT AONOJHHTEbHOH MpPOBepKH. 

B HacTosllel pa6oTre JaBseHve napa, PaBHOBeCHOTO C TBEPJOH OKHCbIO Oe- 
pumiusa, Obi0 H3MepeHO B HHTepBasie Temnepatyp 2103—2573°K. H3mepenua 
MPOBOAUMOCb METOLOM HCiapeHHA C OTKPbITOM NOBeEPXHOCTH B BaKYYM H UHTEe- 
TpasIbHbIM BapHaHTOM 2Pdpy3HOHHOTO MeTO/sa. 

IIpenapat okucu S6epHsIHA TOTOBMJICA M3 TPHKbI MeperHaHHOFO B BakyyMe 
OCHOBHOro alleraTa OepHsuA MyTeM OOpaOoTKH eFo CePHOH KHCJIOTON Mu Nocae- 
ytolllero NpokayiMBaHUsA B BakyyMe pH Temmepatypax oT 1300 yo 2600°K. To 
JAHHBIM BECOBOFO aHaJiH3a, MOJIyYeHHble OOpaslibl cosepxamn He MeHee 99,93% 
okucu. CnekTpasIbHbIM aHaJIH30M B STHX Npenaparax OblJIM OOHAP y2KeHbI B OYCHb 
MaJIOM KOJIHYeCTBe IIPHMeCH MarHHA, THTAHa, KPeMHHA. 

JA MpurOTOBeHUA MVIOTHLIX OOPasloB NPHMeHANOCb ropsAyee npeccoBanHne 
6e3 JoOaBieHua cBai3KH. IIpeccopaHve NPOM3BOAMOCb B rpaduToBbix copmMax 
mpu Temnepatypax 1600—1700°C u jaBneHun 25—35 xr/cm’. IIpeccopanupie 
IWTaGHUKH MeXAHHYeCKH OUMIUaIHCb C MOBEPXHOCTH HW 3aTeCM MPOKaJIMBaJHCb B 
BakyyMe mpu 2600°K. Becosbim aHaJiM30M Obiio OOHAPy2KeHO, YTO STH OOpasilEs 
cojlep»kau B cpeqHem 99,5% oKHCH. 

OnpiTbI NO H3MepeHHIO aBeHHA Napa NPOW3BOAMUCh B BakyyM-MOcTax, 
BXOJAUINX B KOMMI€KT BbICOKOYAaCTOTHOH neyn MBII-3M, Koropas ucnonb30- 
Baslacb JIA Harpesa sicdby3HOHHbIX KaMep M KOHTeHHEPOB C OOpa3siamu. 

B onpitax no merony Jlanrmropa mpeccoBaHHble HJM NOPOWKOoOpasuble OOpas- 
IbI MOMeLasIHCb B BOJIb(ppaMOBble CTAKaHbI, LWIA SdcbySHOHHbIX U3sMepeHHH Npu- 
MeHAIMCb KAMepbI OOBIUHBIX KOHCTPyKUMH C Hapy2KHBIMH leTa/IAMM M3 TaHTasa 
M BHYTPeHHHMH 3 Bobpama. B pafe ciyuaes AA yCTpaHeHuA BO3MOXHOTO 
BOCCTAHOBJICHHA OKHCH OePHJJIMA MeTaJIaMH, W3 KOTOPbIX H3lOTAaBJIMBasMCb 
KaMepbl, B CTaKaHbl KaMep BCTABJIANHCb BKabILIH H3 OKHCH OepusHA, TpH- 
WWIHPOBaHHbie K AuadparMe, BHYTPeCHHAA NMOBeEPXHOCTb KOTOPOH MOKPbIBaaCh 


CJIOCM OKHCH TOPHA WIM WHPkKOHHA. 
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Temnepatypa ucnapsxiolleH MoBepxXHOCTH OOpasllOB H3MepsAJaCb ONTHYCCKHM 
nmupometpom OTIIIMP-09, nmpoxanvOpoBaHHbIM B YyCJIOBHAX OMIbITA. 

Beuectso, HcCMapMBllieecH H3 KOHTeHHEPOB, KOHJCHCHPOBAaJIOCb Ha OXJIaxK- 
laeMOM BOJOli KBaplleBOM KouImeKTope. Tak Kak C KBaplla OKHCb OepHJIIMA CMbI- 
BalaCb IJIOXO, BHYTPCHHIOIO MOBEPXHOCTb KOJVIe€KTOPa MPHUWIOCb MOKPbIBaTb 
IIICHKaMM H3 MOMMCTHPOa WIM NOIMSTHIeHa. OTH MJIeHKH C NOBeEPXHOCTH MIpH- 
€MHHKa CMbIBaJIHCb BMe€CTe C OKHCbIO H Mocse OTTOHKH PaCTBOPHTeIA CYXOH OC- 
TaTOK OOpaOaTbIBaICA HM aHaMSHpOBasICA Ha cojlepxKaHHe OepHJMA, KOMMYe- 
CTBO KOTOPoro onpelemAoch KONOpuMeTpHyecKH c «Oepus0HOM-1!1 MPEA». 

V3 aHHpix 10 KOJIMYeCTBY HCMAapHBILerocs BeLeCTBa PaCCUHMTHIBAJIHMCb CKO- 
pocTH HCnapeHHA MH AaBseHue Mapa, paBHOBeCHOLO Cc TBePpAOH OKUCbIO OepHIAA 
(ra61. 1). Meroqom HavMeHbIIMX KBalpaTOB H3 SKCIeCPHMCHTAaJIbHbIX JaHHbIX 


Wetman) 4 


CxopocTu ucnapeHua M WaBleHHe Napa OKHCH OepnuA 


-T-pa, °K POHAne wae pelt Bec KoHyeHcaTa, Fr Sees Jlapsneune, at. 
é OnbiTa, ceK 
ee ee ee ee ee eee ee 
Zone Aon 10m 2640 Di oN se 743d 0-2 dbpcaee saa 0) 
2508 (,05-10-* 3600 ISO AO me Some Oise 7,94-10-§ 
2463 4 ,03-10-8 1200 aoe Ome 4820-4059 Aina Opes 
2453 2,74-40-8 3900 1 39eORs oO de Om 2,91-10-8 
2378 1,03-10-8 3900 BoM Oe 8,066 -10- A eTksiot Oe 
2373 2,74-10-3 1800 Biaawol()=2 6. faz ORs (R491 OSS 
2333 De AOS? 2700 4,44-10-5 6 ,002-10-6 MBIT Ose 
2308 1,13-10-1 1500 Don Ome 3,434-10- 7,40-10-? 
2293 2,74-10-8 2760 2,38-10-5 3,147-10-8 6,80-10-? 
2263 2,74-10-8 2700 4,16-10-§ J) OZ orl Omet (oat 
2203 1,13-10-1 3600 Ze LOMO 6 ,814-10-? (E49. 1054 
2243 2,74-10-3 4200 6,10-10-8 0,001 -10-? AAO? 
2183 413-104 4200 AR OCEAN Oi 4,088-10-? 8 ,61-10-8 
2163 2,74-10-8 48300 4 ,66-10-5 3,311 -10-? 6,95-10-8 
2153 1213-1052 1200 Bao) =e 2,496 10-7 5,14-10-8 
2128 dle aiesca le! 1500 3, li 1042 4 ,870-10-? 3, O01 Oise 
24103 1,13-40-1 3600 3) Oot Ome 8,186-10-8 1,70-10-8 


Obi0 MOyY¥eHO ypaBHenne Ig Pay = 8,156—3,324/T - 104, orkyaTensota cy6- 
aumMaiun = AH} = 157,6 xkan/Monmb. Ilockombky mpoBeyqeHHad oOpa6oTKa 


SKCICPHMECHTAJIbHbIX JAHHbIX HE YYHTHIBaAa TEPMH4eCKOTO PasJIOXKeCHHA OKHCH 
OepuJWIMA IPH UCMapeHHU, OHA Jaa BO3MOXKHOCTb NOJYYUTb TOMbKO BepxXHuli 
mpelel 3HaveHHH aBJIeHHA Napa OKMCH OepHIHA. 

AuaJIu3 NOJIYYCHHbIX B HacTOAMel padoTe MaHHbIX MOKa3bIBaeT, UTO OHM Ha- 
XOQATCA B COrlacHu c pesyibTaTamu OpBea u Celibepta; m0-BUAMMOMY, B HC- 
Cl€OBAaHHOM MHTepBase TeMMepaTyPp BOCCTAHOBJeHHe OKHCH OepuIuA BOMb~pa- 
MOM He€3Ha4HTeJIbHO WH He CJIMUIKOM CHJIbHO CKa3bIBaeTCA Ha Pe3yJIbTaTax OMbI- 
ToB. Tak Kak pesybTaTbI sppPy3HOHHbIX OMBbITOB COBMAaIM C Pe3YybTaTaMu u3- 
MepeHui 110 MeToly Jlanrmiopa, MOXHO CUUTaTb, YTO KOSullNeHT KOHJeHCalLMU 
OKHCH: OepHJJIMA O1H30K K eEHHHIe. 


MockosckHit rocyapcTBeHHbIli yHUBepcuTeT Ilocrynuso 
um. M. B. Jlomonocospa 2 VI 1959 


IMTMPOBAHHAA JIMTEPATYPA 


. 1 F, Fichter, Zs. anorg. chem., 98, 84 (1915). %O. Ruff, Zs. anorg. chem., 
$2,373: (1913) SE. Titece, E; Bairanb made euZs. anorg. chem., 87, 129 (1914). 
#W.Mott, Trans. Am. Electrochem. Soc., 34, 255 (1918). *C. Hut en Loo te 
J..Malm, J. Am. Chem. Soc., 71, 1338 (1949). 8 L. Glossweiner, R. Seifert, 
J. Am. Chem. Soc., 74, 2701 (1952). *N.Erway,R.Seifert, Electrochem. Soc. Tee 
98, 83 (1951). * J. Askerman, R. Thorn, Congr. Pure and Appl. Chem., Paris, 1957. 
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Tokuagn Ankanemun nwayr CCCP 
1959. Tom 128, Ni 5 


PHSHTECKAA XHMHA 


T. H. BOPOMAEBA, usen-Koppecnonyent AH CCCP 6B. B. JEPArHH u B. H. KABAHOB 


HCCJIEMOBAHWE B3AMMOJEHCTBHS CKPELUEHHbIX 
NOJIAPH3OBAHHbIX METAJIJIAGECKHX HUTENM 
B PACTBOPAX 3JIEKTPOJIMTOB JIA MOJEJIMPOBAHHA  ~ 
KOATYJIAWMOHHbIX SABJIEHHA, W3MEPEHUS MOTEHLMAJIA 
HYJIEBOrO 3APAJA HW NOCTOAHHOHM CHJI BAH-EP-BAAJIbCA 
} } 


Kak mpsmpie onbirsi (1), Tak u COBpeMeHHad TeopuA ycroliuuBoctu HOdo6- 
HbIX KOJIJIOHLOB (”, °) yKa3bIBaloT Ha CyWeCCTBOBaHve M@XKLy 3apAXKeHHbIMH 0- 
BePXHOCTAMH B PaCTBOPaX 9JJICKTPOJIHTOB CHJI OTTAIKHBaHUA, MOFYUUX Ha pac- 
CTOAHHAX NOPALKAaTOJLUMHbI MOHHbIX aTMOCHeP (B MPOTHBOMOJIOXKHOCTb MeHbIUHM 
M O6JIbLIMM pacCTOAHHAM) TepeBellin- 
BaTb CHJIbI MOJIEKYJIA PHOTO NPHTAKeHUA. 
Tlostomy Ja mpopprBa *KuAKOH npocsoH- 
KH HW yCTAHOBJICHHA MCTHHHOFO KOHTAaK- 
Ta, HallpMMep CKPelUleHHbIX MeTaJJINYe- 
CKHX HHTeH, BHeEWHAA cua MpHxuMa 
OJIKHa MPeBbICHTbh CHIOBOH Oapbep Nn, 
BbIpa2KaeMbIM MAaKCHMYMOM Ha KPHBOH 
3ABHCHMOCTH pe3YJIbTHPYyIOWleH  CHUJIbI 
B3aHMOJeCHCTBUA OT paccTosHHA (pre. |). 

B kayecTBe KpHTepHaA HacTynieHua 
KOHTAKTa MO2KHO B3ATb MOABJICHHE CHJIbI 
NpHIMNaHuA, paBHOH MHHUMYyMY Ha Kpu- 
BOH CHa B3aHMOJlelcTBHA — paccTos- 
Hue. CooTBeTcTByiollad mpollelypa on- 
peesleHHA BBICOTbI CHIOBOrTO Oapbepa, 
Oj\HakO, HeyoOHa, TaK KaK HOCHT Xapak- 
Tep MeTolla npo6 wu ommOoK, moKa [Be Puc. 4 

WOcTaTOuHO OIM3KHe CHJIbI MIpPYKUMA He 

WalyT MPOTHBONMOOKHLIX Pe3YJbTATOB B OTHOWICHHH MOCeAyIOulero NOABJICHHA 
CusIbI NpumunaHuA. YoOuee u OpicTpee MeTO, OCHOBaHHDbI Ha pe3KOM, CKa4KO- 
OOpa3HOM YMeHbIIeHHH 3JIEKTPHYeCKOrO COMPOTHBJICHHA MexKy OOCHMU HUTA- 
MH B MOMEHT COMPHKOCHOBECHHA. 

CusIOBOH Oapbep MOXHO H3MEPATb HE TOIbKO B (YHKUMM COCTaBa H KOHIeH- 
TpaluuH SIeCKTPOJIHTa, HO H NOTeHWHasla NOBepxXHocTeH HUTeH, NOMAPH3yA UX 
TOKOM JO OfMHAKkOBOrO (HJIM MOUTH OJMHAKOBOrO, CM. HWKe) MOTeHIMaa. 

Merowuka u3MepeuHn it. B kauectBe HuTeH Opamuch riaqKue mia- 
THHOBbIe MpoBosOUKH Auamerpom 300 pw. Hurtb / Opa yKpenseHa Ha yunpyrom 
KPYTHIbHOM mMoyBece 3 (puc. 2). na u3smepeHua yria 3aKpy4HBaHuA NopBeca 
Ha Hero Oplio MpukseeHO 3epKaublle 4. Yrou 3aKPyYHBaHHA MOsBeca 3anucHl- 
BaJICA CAMOMHCLeEM, CHrHal Ha KOTOPbIM nosaBaicA oT pacTpoBoro doTopee 
(*). Hurb 2 6piia %eCTKO CoeAMHeHA C NOABHXKHOH YacTbio MpHOopa U C NOMOLIbIO 
MOTOp¥HKa Yepe3s cucTemy Tepedau MOrsia MeJVIeCHHO M TMWWIaBHO NOBOAUTECA K 
HuTH / wim OTBOAUTECA OT Hee. Hutu / u 2 c yruom Berpeyu 90° nomMellamucbh B 
repMeTHYHOM cocysle J, B KOTOPbI M3 pesepByapa 6 NocTyNam pacTBOP IIeKTPO- 
muta. Uepe3 aeKTpOHTHYeCKHH KOU COCY COeAHHAJICA C BIEKTPOJOM cpaB- 
HeHHA 7. . 

Kaxkaad HHTb MOrla 3apsxKaThbes JO s1000ro 3afaHHoro NoTeHMala MO Cxe- 
me puc. 3. M3mepenus noTreHHaJOB MPOBOAWJIMCh MPOTHB HacbilleHHOrO KaJIO- 
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MeyIbHOrO 3IeKTpona. BcnomoraTesbHbIMH IJICKTPOAaMy WIA NOJIA PHS allHn HUTeH 
CAY KI MaTHHOBble mpoBotoyKu 3 uv 4. Tak Kak AA ONpeACMCHUA CHUIOBOTO 
6apbepa HeoOxOZHMO yCTaHOBHTb MOME€HT KOHTAKTa HUTCH, TO MexKy HHMH CO- 
3,aBalaCb MaJlaAi pa3HOCTb MOTeHUHMaJIOB (0,01 B), H3MepsABIWaicaA NOTCHUHOMET- 
pom JT. B MOMeHT KOHTAaKTa NOTeHIMasIbI BbIPABHHBAIMCH Hi KOMMeHCallHaA CHCTe- 


Pue. 3 


MbI Hapymianacb. Jia ycTpaHeHuA BIMAHMA COTPACeHHH yCTaHoBKa Opa coOpa- 
Ha Ha AMOPTH3allHOHHOM MTe, YCTaHOBMeHHOM Ha OeTOHHOM TymOe, BPbITOH B 
3eMJIIO. 

JIA OWNCTKH HUTeH Meped H3MePpCHHAMH OHH ONYCKaJIMCb Ha 3 MHH. B KOHL. 
H,SO.a u nomspu30Baiucb KaTOdHO B | N pacrsope H2SO. B Teyenne 3—4 uac., 
3aTe€M NOJAPH3OBaIHCb B aTMOctepe BoJOpowa B cBexKem IN pactBope H2SOa 
MOMepeMeHHO TO aHOAHO, To KaToqHO mo 15 muH. Ilocne storo pacrsop H2SOs BpI- 
TECHAICA BOJOPOROM UH CocyA C HUTAMH HECKOJIbKO Pa3 MIPOMBIBaJICA PacTBOpOM, 
B KOTOPOM JOJDKHbI ObIIH MPOBOAMTbCA HSMeCPeHHA, a 3aTeEM 3aNOHAICA HM 
OKOHYaTeNbHO. JIA OYMCTKM pacTBOpa OT OpraHHyecKHX MpuMeceli B cocy 
noMelalacb MvlaTHHHpOBaHHad MWlaTHHOBas CeTKa MW B TeyeHHe 12 yac. npo- 
mycKasicA BOOpod. 

Tlocme sToro Ha HHTM HaklaQpIBauch 3alaHHEle MOTeHMamb. B nayane 
OMbITa HATH pa3BOAusuCch Apyr oT Apyra Ha HeKOTOPOe paccTOAHHe, MPH ZTOM 
Ha UWIKaje CaMONmucla (puKCHPOBaOCb HyseBoe MomoxKeHHe HuTu J, npHKpen- 
Je@HHOH K yopyromy nogpecy. 3aTeM HuTb 2 NNaBHO NOABOAMMAch K HuTH J. 
IIpu QocraTouxHom mpu6OmKeHnHu HuTH 2 K HuTH / MOCMeqHAA HauMHasa mepe- 
MelaTbCA B TOM Ke HampaBJIeCHHH, YTO HM HUTb 2, 3AKPYYMBaA MosBec Ha yrou, 
perucTPHPOBaBLUIMHcA CAMOMUCILEM MU MPONMOPWUMOHAJIbHbIM CMe B3aMMOelCTBUA 
(pHxKuMa) HuTeH. B MOMeHT, KOra npeoomeBaicaA CHIOBOH Oapbep uw npoxaB- 
JIMBaacb MJICHKa ICKTPONUTa, HaCTyNal HeMOcpeACTBCHHbIM KOHTAKT MexKILy 
HATAMH, 4TO YCTaHaBIMBaOCb MO Pe3KOMY CKa4KY CTPe/IKH TaJIbBaHOMeTpa 
noreHuuometpa JI,. Ilo noka3aHHi0 B STOT MOMeHT CaMonNclla onpelemamach 
BeJIM4HHa CHOBOro Gapbepa Np» Mey HHTAMH. 

PesyabTaTH ONBTOB. Bp usmMepenbi 3Hayenua N,, Aa pasnuu- 
HBIX 3Ha4eHMH MOTeHMala HUTeH B pacTBopax KCl tpex KonueHTpanui (10-3, 
10°, 107° WM). Tlonysenubie pesyibTaTb! MpHBezeHbI Ha pric. 4, Ha KOTOpOM No- 
TeHIMAJIbI © BbIPaXKeHbI MPOTHB HOPMAJIbHOTO BOLOpOAHOrO aeKTpogya. Kak Bug- 
HO M3 puc. 4, MpH noTeHuMane 0.2 B HaOmogaeTcA MuHuMYyM V,,, OpquHata Ko- 
TOPOro He 3aBHCHT OT KOHIeHTpallun pacTBopa. ITOT noTeHWMa (P,= 0,2-+-0,02) 
JIQKUT MeKLY 3HaYeHHAMM, HaleHHbIMM ApyrHMu aBTOpaMu JIA NoTeHIuasa 
HYyJeBoro 3apsya WiaTHHbl. CusloBble Oapbepbl B PYHKWMH NOTeHUMana u306pa- 
%KalOTCA KPMBbIMH, CHMMCTPHYHBIMH OTHOCHTeNbHO aOCILMCChl MAHUMyMa, Baan 
OT KOTOporoO OHH ACMMNTOTHYeCKH MpwOM2xKAaOTCA K NOCTOAHHBIM 3HaueHHAM, 
BO3PacTalolIMM C pasOaBseHHeM pactTBopa. IIpaKTuyecku 9TH NOCTOAHUbIe 3Ha- 
ueHHA WOCTHraloTCA NpW yaeHHH OT oy Ha-+0,15 B. 

O6Ocyxmeuue pesyapnratos. M3 teopuu Bsaumonelicraua B 
pacTBOPaXx SJIEKTPOMMTOB PUAPOPOOHHIX BBINYKJIbIX MOBEPXHOCTeH, 3aps2KeHHbIX 
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AO OMMHAKOBOrO NOTeHUMala Pp = P — My (Pa3sBUTOM OAHUM U3 Hac), BbITeKaeT 
B CJlyuae CHMMETPHYHOLO SIeKTPOUTa Popmyuia (°). 


ula j—A.4 
2nr does? (1) 
5 Seok 2 1 \ 
ah rane 
2kK 
reer (2) 


rye NV — cua B3anMojelicTBUA BEITYKJIbIX NOBepXHocTell npH KpaTualilem Hx 
pacctosHun H; U, ] — 9HeprHv MOMHOFO HIM, COOTBETCTBEHHO, 3JIEKTPOCTaTH- 
geckoro B3aHMOJeCHCTBHA Ha CAHHULY mvoulayu 
noBpepxHocteH ToH Ke fipHpody, pasqeseHHpx 
MJIOCKO-MapaJJIeJIbHbIM CJIOCM TOO Ke IICKTPO- 
muta TomMHHOH H; A — KoucTaHTa MomeKyAap- 
Horo mputTaxkenua Tamaxepa (°); y — KOHIeH- 
TPallUA SICKTPOJHTA B MOJIAX Ha | cm ?; n — 4HC- 
JIO AHHOHOB HJIM KATHOHOB B MOJI€KYsIe 3JIEKTPO- 
amauta; R — yHuBepcambHad ra30Baad MOCTOAH- 
Haas; T — aOcomoTHad Temnepatypa; x4— Je- 
OaeBCKaw TOJIULMHA WOHHBIX aTmMocdep; K u IG OTS ee 


ped ca KCI 


— J, 
E — oanuntuyeckne UHTerpalbl nepporo u ? b(n.83) 
BTOporo pofa c modymem k u npemenamu uy = Neer se 
a Fy " . 
os sch TRF “2 = I; f—payuyc HuTel. 


SalaBaicb BCeEBO3MOXHLIMH 3HaveHHAMH MapaMeTpa k, MoOKHO 43 (1) 4H 
(2) BHIUMCJIMTb COOTBeTCTByIOUMe 3sHayeHHa H u U, 71. e. BbIPaSHTb HX CBA3b 
B TlapaMeTpuyeckol cbopme. Ilo usBecTHbIM MpaBusIaM HaxO%KJeHHA MaKCH- 
MYMa MO2%KHO HaHTH MaKCHMaJIbHOe 3HaueHve N= Np WH oTBeuatoulee eMY 
sHaueHne Hm. CorjacHoO TeOpvH, C POCTOM aOCOJIOTHbIX 3HaYeHHH t dJIeKTPO- 
CTaTHYeECKOe OTTAJIKMBaHHe pacTeT OT HYJIA MO HeEKOTOPOrO aCHMNTOTHYeCKOrO 


3HaueHHa *, a BaHJepBaaJIbCOBO MPHTAKeHHe B MepBOM MpHOMKeHHH OCTaeTCA 
HeH3MeHHBIM. Orcioja culeqyeT, uTo Avia |b], MeHbLUMX HeKOTOpOrO 3HateHHA 
6, Ha BCeX pacCTOAHHAX JOULKHa NepeBeluBaTb Cusla MpuTaKxenua UY Nm, =0 
(uTo mpoTHBopeyHT ombiTy, cm. puc. 4); Nm >O npu ycnosun |p| > 6. 3na- 
yeHve 6 JerKO HaHTH, NMOTPpeOOBaB COBMeCTHMOCTH OTHOCHTeJIbHO H ypaBHe- 
we =0 u N(H) =O. IIpu ganbueituem pocte || Nm 6yyeT pacru, 
cTpemacb mpu [>| kT /ne acumntotuyecku kK oMpefesieHHOMy Mpeyery, ITO 
coruiacyeTca c ombiTom. Tak»ke corviacyeTca C OMbITOM CHMMeTPpHA KPHBbIX 
Nim, ~ OTHCCHTEJIbHO aOclHccbl gy. C MOBbILeHHeM KOHI[CHTpalluv, Bcvle{cT- 
BHe yMeHbINeHHA payvyca eHcTBUA cCHUIbl OTTaIKHBaHuA, KpHBbIe Nm, © 
JOJDKHbI, B COrlaCHH C OMbITOM, CHH2KaTbCA HW, HaKOHeLl, MPH HeKOTOPOH 
KPHTHYeCKOM KOHUeEHTpallWH COBMaCTb Cc OcbIO a6cllucc (4TO MpOTHBOpedT 
OMbITY, CM. plc. 4). 

3Had “3 ONbITa acuMnToTHueckue 3HayeHHuA Ny U Um, papuple No U Ue, 
MW pelliad ypaBHeHuA 


HH 


dU (f1) 
Rare ser (3) 
U (H) = Ua, (4) 


MOXKHO HaliTH CMHCTBeEHHOe HeEH3BeECTHOe — KOHCTAHTY MOJICKYJIAPHOrO MpHuTA- 
*eHua A. 13 ypaBHenul (1) u (3) HaxoquM, B KayeCTBe YCJIOBHA MaKCH- 


dl 
myma Nu U:—- = — Gage s MMe Mpapand yacTb BoIparkaer yjevbHYIO CHuy 


* Jina cayyad CMayHBalOUIMX MIeHOK STO OblIo BHepBHe FoKa3saHo A. H. OpyMKuHEM (°). 
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(Ha 1 cm?) BaHyepBaasbcopa MpHTaxKeHHA MOBePXHOCTeH, pa3/eJIeCHHbIXx 
MIIOCKO-HapaJWIeJIbHBIM CJIOeEM pacTBOpa 9dJleKTpomuTa ToMMMHOH H, a JeBaA 


4 
yacTb (°): =P (Hy =471Rt (Gr - 1) , BbIpaxkaeT yleJIbHYy10 CHJIY 3JIeKT- 
pocTaTHYecKOrO OTTAaJIKUBaHuA Tex 2Ke NoBepxXHocTeH. OKOHYATEJIbHO NOJY4MM 
1 A Z 
ypapueune: 4ynRT Ge -- 1) =— Gyr OsHayalollee paBHoBecue (HeycTOH- 


unBoe) o6eHx cua. Uckmouan v3 mocueqHero ypaBHeHusl u ypaBHeHuit (1) x 
(4) nem3BectHoe A, MowyYHM ypaBHeHHe OTHOCHTeJIbHO Ke 


Ui» 
4 [4E — 4k — (1 —k) K] eae (5) 


mpaBasd YacTb KOTOPOFO COePKUT BEHUMHLI, OMpeesemble H3 OnbITa. HaxodAa 
ug (5) 3Hayenua k wu K = K (k) wu nogcrapaasa B (1) u (2), nonyuuM 3HadeHHa: 


C =108 y,momp / I 10-8 10s 
H, cm 4-10-? 5-10-7 
A, opr 6,610-12 7,3010-12 


Xopomiee copnayeHue OO6ouX 3HaveHHH A uw UX PasyMHbIM NOpAOK Ciy*KaT 
cTporoH MpoBepKoH MpwsJIOXKUMOCTH TeOpHH IA WHTepBala KOHWeHTPalul 
0,001—0,01 N. 3Haxa A, peuiaa ypaBHeHue (3) oTHocuTebHO H AA pasJIM4HbIX 
3HayeHHl ~ u Y HW NOfcTaBAA ero B ypaBHeHue (1), MOxXHO NOCTPOHTb TeopeTH- 
yeckue 3aBncuMoCcTH Vp, oT @ = > + Py. OHM H300parxKeHb! Ha Puc. 4 NYHKTHP- 
HbIMH KpHBbIMH. HaraadHO BUCH XapaKkTep KaK COOTBETCTBHA, TAK H OTKJIOHE- 
HHA OMbITHBIX JaHHbIX OT TEOPeTHYeECKHX. OTKJIOHEHHA CBOAATCA K CYLECTBOBA- 
HHIO H€yYUHTbIBAeMbIX TeOPHeH Cus OTTANIKHBaHHA (CHI «TpeTbero pola»), OOHAa- 
Py2KHBalOlluX IPH P — Py = O HesaBucMMOCTb B HHTepBase 0,001—0,1 N or 
KOHIeCHTPpalli QICKTPOJHTa WH MPH KOHUeHTpaunn 0,1 N He3saBHCuMOCTb OT NO- 
TeHUMasa WH 3apsya MOBepxHOCTH. 

A6écuucea Q, = 0,2 -+0,02 B ocu cummetpuu KpuBol N, @ aBssaeTcA NOTeH- 
IHaJIOM HYJIeBOro 3apAa NaTHHbI. Takum o6pa30m, HcceqOBaHHe B3aHMojeH- 
CTIBHA CKPelleHHbIX HUTeH Jao HOBbIH MeTO], H3MepeHHA HyJIeEBOH TOUKH MeTaJI- 
JIOB, HMeIOLLMH px mpenmyusectB. HanOomee ynoTpeOuTesbHbili MeTO H3Mepe- 
HHA TOUeK HYyJIeBOrO 3apAa TBEPAbIX MeTAJIJIOB MO ONpedesIeHHIO MAHUMyMa eM- 
KOCTH JBOHHOrO CJIOA B pasOaBJICHHbIX PaCTBOPAaX IICKTPOJHTOB B culyyae Mmsa- 
THHbI aeT HEYOBJICTBOPHTeJIbHbIe pesyibTaTHl. J pyrve MeTobI LaioT pesyJb- 
TaTbI, CYUECTBEHHO pacxofalueca MexkyAy co6ok (‘). IIpenmaraempii meToy Aas 


3HaY¥eHHe Qu, OH3KOe K 3HAYeHHIO, MOJIYYCHHOMY 3JIEKTPOKHHETHYUCCKHM Me- 
TOJOM (°). 


Uuctutyt dbusuyeckoli xuMHH Iloctynuao 
Akaylemuu HayK CCCP 30 VI 1959 


Muctuty?t 9eKTpoxuMun 
Akaylemuu HayK CCCP 
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A. Wanrun, B. Mexzpexzoscexkuh, U3s. AH CCCP, cep. xum., 5, 773 (1936); Acta 
phys. chim. URSS, 6, 911 (1936); A. B. Topogeuxkaa, B. H. Ka6aunos, KOX, 4, 
529 (1933); H. A. Bas amesa, JAH, 103, 639 (1955). 8°H. “Ar- Ba ora ire 5 oe 
A. H. ®pymxkuu, JAH, 20, 449 (1938). 
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HToxrnagn Akagemun nayrxr CCCP 
1959. Tom 128, Ne 5 


PH3BHYECKAA XHMHA 


A. TM. FOXUTEHH u A. A. FOXUWITENH 


NOCJIEMOBATEJIBHbBIE IJIEKTPOXHMMYECKHE PEAKILAH 
B OCILMJIJIOTPA®HYECKON NOJIAPOTPA®HHK 


(IT pedcmaseaeno axademuxom A. H. OpymKuneim 1 VI 1959) 
_ B amrepatype (') yKa3biBaerca Ha OTCYTCTBHe KOJIMYeCCTBEHHbIX COOTHOIIEe- 
MM JIA NOCMeAOBAaTeIbHbIX BOJIH. OHakO TaKHe COOTHOIIeCHHA, CBA3bIBAaA 
OCJIe JOBATeJIbHbIe TOKH C KOHCTAaHTaMH CTYIICHUATbIX peakiyn, ABWJIMCh Obl 
DeEACTBOM JIA WY3YYCHHUA KHHETHKH 93THX peak. Hyxe BbIBOMATCH 3aBHCH- 
OCTH, MleJIatjoOllWe BO3MOKHbIM BbIYMCJIEHHEe TOKOB II0 KOHCTAHTaM, a TakKxKe 
ellcHHe OOpaTHOH 3anauu. 

Paccmotpum tm WMOHOB 6; C 3apvAaMHW Z;, CBASAHHbBIX IIPCBPaWleHHAMH Bua 


NipS + 972 Sp (i, p=, yee pos Stale) (1) 
ae i= Zp — YHCJIO 3JIEKTPOHOB COOTBETCTBYIOMLEH CTYNeHH, Nip ie Api» 


KoucraHtaM ckopocTy (7) npamMow Hw OOpaTHOH peakUMH MOXKHO MpHaTp. 
MMMeTpHyHy!O PopMy: 


E() |, Hip + pi = ile (2) 


IIpu 6ombuIoM H306bITKe NOCTOPOHHEFO DJIEKTPOJIMTa, KaK 93TO OOBIUHO ObI- 
aeT B MOJIAporpaduu, MOTOK BellecTBa K IICKTPOAy OGecneunBaetca Dudppy- 
vei. Ucnomb3yaA 3akOoH @uKa, MOXKHO MNOJYYMTb CHCTeMy Mm YCJIOBHH Ha. 
AHL nab — pacTBop: 


@;p = Rip exp i Hip 


OC, (0, t 
Dip =D} 1C y= CVA), Bde = 0, pt) = 2" ay 
p=1 =] 
Ilembio JambHeHWAXx BbIKIaOK ABMAeTCA BbIUNCeHHe ; (tf), MOCKOJbKY 
1H MONHOCTHIO ONpefeAloT NOMAporpaduyeckul TOK: 
m—1 m—1 
He) = SF 32, Digit) =SF 2s (2:— 2m) Digi (t)= SF Yn, me DDe: (t); (4) 
t=1 f=1 Rd t=1 
—T0llab 3IeKTpOwa; B MocwieqHeH cyMMe (no k) Kaxkoe caaraemoe 
peflcTaBsIAeT OTebHyIO BomHYy. UroOb Halitu o;(t), MocTaTOuHO Mmpucoe- 
AHUTb K CHcTeMe (3) ypaBHeHuA Audpy3HH MW HavabHbIe ycoBuAa. B oc- 
ANNOrpapuyecKoH MOJAporpapuu BJIMAHHEM KPHBH3HbI BJIEKTPOa MOXKHO 
peHeOpeub BBUAY OTHOCHTeEJIbHO MaJIOH rayOuHE! Audpy3sHouHoro cyios. ITO 
I3BOJIA€T OFPAHHYHTbCA OJHOMEPHbIM CJlyyaeM, 
Ilonarax, 4To 9;(¢) H3BeECTHbI, MOXHO B OTJJIbHOCTH pellIMTb KaK]Y!O 43 
may Buna (0'<— x < 0; 0 <7 < oo) 
OC;/Ot = DiC? CHOXE, OF, iz. 0) = OF )s OC; (0, t)/Ox = 9; (t). (5) 


Ilepexoq kK mpefesy npn xO B pelleHHH 9TOH CTaHyapTHOwH 3aa4uH 
OMBONMT K CBA3H MeKMY KOHUCHTpallueH H NOTOKOM Ha rpaHulle 9/IeKTpOfa 
IA Ka2KQOrTO H3 MM WOHOB: 


t 
/ D; ¢ 9; (t)dt 4 
C(0,t) = Wilt) —V =A \ a (PO = 
0 


(4 (de). 6) 
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Couetauue (6) 4 (3) mpHBoluT K MOJIe3HOMy COOTHOIMeHHIO, CBA3bIBaE 
UleMy KOHILCHTpallWH Ha MOBePpXHOCTH 9JIeKTpoa: 


iV DiCz(0, t) = 2 V Di Fi (2). ( 

i=1 i=1 : 

Ecau, Kak 9TO yacTo OprBaeT, $, (x) =C, d4,=0, To (7) ympomaerc 
VDiC,(0, t) +V D.C2 (0, t) +... + VDnCn (0, t=VDIC.  ( 


Tlonctapaaa 3HaueHua C;(0, ¢) u3 (6) B cucTemy ycuoBnu (3), mMomyYr 
CHCTeEMY HHTerpaJIbHbIX YPaBHeHHH OTHOCHTeIbHO GyHKUHH 9; (ft) 


m —— t : t 
D; 9; (t) dt D, ( pp(t)dt _ 
Det 1 V Dios\ sya Vasa ae tae 
= 0 


0 


S 

; ; 

SoD POP VSP? GLP, QI: ( 

p=1 | 

TlogqcraHopka pellieHua S3TOH CHCTeMBI B BbIpaxkeHve (4) WacT HCKOMB, 

pe3y IbTaT — 3aBHCHMOCTb MOJIAporpaduyeckoro TOoKa cTyneH¥aTOH *peakuy 

OT BpeMeHH. 

Jlia mpakTuyeckoro onpeyeseHHa ¢;(t) WemecooOpasHO MpescTaBHTb HHT! 

rpasbt 43 (9) B Buge (°). 


t n 
Q, (t) dt aa oO, (3yv) dy 4 ani 
ee es — i ee — ; ; 1( 
ee a Fae eV lee (n) + Be ( 
rie 9; (t) = 9; (6n) ycnoBHo o6o3HayeHO yepes ¢;(n); 8; (n) = 0,5 9; (n —'1)- 
nT 
+ 0,75. S;(n) + 0,25 S;(n), S:(n) = Yo (n—v) [ee (*) +or(¥v— DI: 
v=1 
n—1 


Si(n) = D8 (n—v) [ge (¥) — ev — I); p(m) = Vn 1 —V am. 
v=1 
YcaoBynaa C€iHHNIa BNCMeHi é OIpeNeJIHeTCA 3ICCb pa3sOveHvem AJIUTeJ 


HOCTH ombita 6 Ha mowxofaujee uncno N PaBHbIX MNPOMe2KYTKOB Tak, 
) 


{= 0 a 2: Ha kaxkOM mpomexyrTKe gyra 9;(t) 3amMeHeHa xopyo 
B cymmax S;(n) u 8; (n) yYacTBYIOT 3HaYeHHA 9; JIMUIb B MIpesbILymHe M 
MeHTbI BpeMeHH: 9;(1), g(2),..., @:(2—1). Sto nosBonseT NpHOIHKeHE 
cBecTH (9) K cucTeme aulre6panueckux ypaBHeHUft OTHOCHTebHO 9g; (n): 


9: (D: +> ip) — Dd Bom =>} (Po —Lp) Ops — (Br — Fs) Dd} Dip, 
= p= p=1 ieee ese (1 


p=1 
ee 4 me = 3 F 
O;)>= ZV 2VD®%, bs Bi = Lye VD, (i => K 2: SE m). 


Zina KpaTKocTH apryMeHT n, OMHaKOBBIii y Bcex (byHKuMi cucrempt (11 
onymen. CoctaBaaa cuctempr Bua (11) yaa nocneqoBaTebHbIX MOMeHTC 
BPeMeHH WM HCNOMb3YA Ha Kax%KOM NocwelyiwouleM Wary pesyJbTaTbI npen 
Ayulero, MOXHO OnpeyenvTb 3HayeHHA 9;(1), 9; (2),..., (8) WW 
di =e ile ees 

B mpakTuuecKv BaxkKHBIX clyyaax 2- un 3-cTyneHuaTEIx peaKuuit (m = 3 
m = 4) cuctema (11) cocrout coorsetcTBeHHo u3 3 u 4 ypaBHeHHli. Kpon 


TOPO, OObINHO $, (x) =C u de(x) =... =bm(x)=0. Mostomy W,(t) = 
Y, (¢) =... =Vn(t) =0. Hakone, gaa crporo mocuenopatenbHoro psy 
MpeBpalleHH 9] —og—...—so, O;,,=0 npu |i—p|>1. [na nepeun 
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HHbIxX yCnOBHt um =3 cuctema (11) c momouypio (3) mpeoOpasyetca K BULLY: 


Qy1P1 + Aryeh, = Oy, Any + AzoPe = by; 
— —— D =< a 
Gy, =D, + Oyo, Ay =—Pg1, Ag = a D3. — Dp, 


— — D — = — = 5 
Aen = Dz + Dy, + Py3+ <r Ds, by = C Dya— Dyn 8, + DoiBo, 
= =< = Die= =< en Das 
by = — €Dj,-++ (®n— ii Ds5 ) Pie (B..+ Po3+ gare D3. ) Bo, 


7 


®,, > 9 mp li—p| = 1, & = faa c/V Dy. 


AJIOTHYHO MOXET ObITh MOTyNeHa cucTema Awa m = 4, 

JJnpeleiuTemH OO€HX CHCTEM OTJIMYHbI OT HYA, B YM MOXKHO yOeUTLCA 
/cpeAcTBeHHOH mpoBepKoh. MoxHo noKasaTb, uTO pH O6OH cTeneHu O06- 
HMOCTH lIpollecca TOKH No- 
(OBATebHbIX BOJIH Mponopluo- 
WbHEI Di uw ca6o 3aBHCcAT OT 
hbHBIx KOSMPUUHEHTOB Ludp- 
juu. [lostomy mpu BEIMHCIeHHAX 
lyCTHMO HCXOJUTb 3 paBeHCTBa 
xX KoopuUHeHTOB Luddysuu 
=De=Ds=... 

PaccMOTPpHM KOHKPeTHBIM cay- 
BoccTaHoByieHuaA Nb>+ B 23N 
>O4. Mexayu3m sToH peakunn 
ABaJICA JO nocweqHero BpemMeHH 
CHBIM (+). OKcnepHMeHTaIbHO 
‘yueHHad Oc Orpamna mpel- 


Puc. 1. Ocuuanorpamma Nb®+ B 23 N H,SQq, 
BleHa Ha puce. |. Ilepspaa Bonna KaToqHaad nomapu3sauna, V=3,10  B/cex, 
XOMHT 4uepe3 MAKCHMYM IIPH MakcHMyMbl £, == — 0,334 B, E,: = —0,024B 
= — 0,334 B (H. B. 9.), BTO- OTHOCHTeJIbHO H. B. 9., #£=21°. Cuusy ny- 


NleBad JIMHUA HW TOK dona 


mpu E2.= —0,524 8. Pa3naa 
TH3HA BOJIH 3acTaBsIAeT mpey- 
OXKHTb, YTO NepBad cTalua HeoOpaTuMa, BTopad O1Hu3Ka K OOpaTuMmol. 
PHUMHEHT G2, BLIUMCICHHEIM JIA NepBOH BOJIHbI NO ypaBHeHulo Matcy- 
(5), cocrapun 0,44. Kpaepnie ycosua (3) Qua STOrO Cy4ad MPHMyT BUHL: 


DioKNeG, OO, 0) = Cope, 
Cray’ V DsC2 (0, 2) ees (12) 
C(O, 1) 1 DiC— V Dilip abl eaV Dice Oat) : 


(Ci(x, 0) =C, Ca (x, 0) = C(x, 0) = 0), 


: E RT ‘Ink nosF = 
= 219 Tap Os ee herrea, a= RT U5 be le, E — pauasp- 
| MOTeHWMaJl, U— CKOPOCTb H3MeCHeCHHA MOTCHIMaJa. Jlamee TIpe TTOJIOKUM, 
Myo = Nog = 1 (Nb*t — Nb** — Nb?*) uw D, = D, = D3. Nogcranosxa (6) 


coBua (12), 3amMeHa mepeMeHHBIX 


9,=CVap[Din, t= 8n/p (13) 


beAcTaBJIeHHe MHTerpasiOB mo dopmyvie (10) ator: 


(0) = {1 — Yon (24) +35; (0) + Ss (rp]} | (co +48), (14) 
(2) = — [0,5 y(n — 1) + 0,75S. (n) + 0,25 Ss (n)] — 


8 
= [m1 (2) + 0,5 m (n — 1) + 0,75 S, (n) + 0,25 S, (n)] / 1 ND kai —ny.)| ; 
987 


OrpesoK OCH TMOTeHLMaJIOB, COOTBETCTBYIOWIMH BpeMeHH HaOwIOLeHus, 
pasOuT Ha 30 papubrx uactel, 5 = 0,4605, wm = In 10, my, = 22,5. Pesyap 
BbIUHCJICHHH MpHBeeHbl Ha puc. 2. 

M3 dopmys (10) nomyuaeTca BbIpamKeHve [JIA TOKAa 


I (n) = SF [2Dy¢, (2) + Doe (n)] = CSF V xpD, [2% (2) + 2 (1). 


[paduk Toka lau Ha puc. 3. IlyakTupom pa3jeneHbl TOK NepBol H BTOpOH 
uM BOCCTaHOBJIeHHA. OTHOLI€HHE TOKOB MepBOrO H BTOPOrO MAKCHMYMOB, 


Puc. 2. Teoperuuecku BbIMuCcJIeHHBIe Puc. 3, Tok, BbIUHCeHHBIM na pea 
PYHKUMH 41, Ye, Ys, MPOMOpMNOnAMbHbIe Nb5+ — Nb‘+ — Nb3+; y = CSF V pxD 


nmoTtokam Nb®+, Nb4+, Nb?+ Kk amekTpony 


peruyeckw paBHoe 0,01 (puc. 3), 61H3KO K OTHOWEeHHIO 0,02, HalieHHOMYy 
MepHMeHTabHO (puc. |). []pu stom Tokn Ha puc. | u3MepsAtOTCA OT HHH 
(BTopand cHu3y). Xopollee cormacve TeOPpHH C SKCNEPHMeHTOM MOATBEPK 
MIpeANoJIOKeHUA, CeaHHble O M€XaHH3Me paccMaTpHBaemol peakunH. Bur 
BTOPOH BOJIHbI, H3MepeHHad OT NYHKTHPHOH JIMHHN Ha puc. 3, B 1,40 pasa 
BOCXOJHT BBICOTY Me€pBOH BOJIHbI, HECMOTPA Ha TO, YTO YMCIO 9EKTPOHO! 
o6eux cTaquax ofuHaKkoBo. M3 (15) cneqyeT, YTO BHICOTLI OO€HX BOTH po: 
IMHOHAJIbHbI KOPHIO KBaApaTHOMY H3 CKOPOCTH H3MeHeEHHA NOTeHWMawa. 
Ecuiu pa3HOcTb MexKly NOTeHUMaaMM NOCeOBaTeJIbHbIX MHKOB MpeBo 
WMT HEKOTOPy!O BeJIHYMHY, TO BOJIHbI, COOTBETCTBYIOWHe OTACIbHbIM CTAII 
MO?KHO PaCCUHTHIBATb Kak He3aBncuMple. IIpu sTOM B KayecTBe Koappulu 
Au@py3uu W HavasIbHOH KOHIWeHTPallMnH UcCNOMb3yloTcA 3HayeHuA D, u C 


Ta6Omutna 
Bropas Bosna 
Ileppanv BomHa 
oOpatTumaa HeoCpaTumMaa 

0,087 , 0,146 O08 TON 53 
O6patumas =r —— + 

0.034 , 0.446 0.034 , 0153 

’ + ’ + ) 

Heo6patumaa ++ + ——— 

Aiofl19 N23 Aioltig Agsiles 


B ra6n. | (aHbl MMHMMaJIbHbIe paccTOAHUA MEX Ly MMKaMH H3 pacueta Ha 
OlIMOKM B M€KCHMyMe BTOPOii BOWIHbI. O6OCHOBaHHe STHX BbIBOJOB, a TAKKE ( 
MYyJIbI JIA TOKAa B MAKCHMYM@X MOCJICQOBaTeJIbHbIX H€3ABHCHMbIX BOJIH 3a 
AOCTATKOM MeCTA 3]eCcb He MPHBORATCA. 

MuctutyT reoxuMuu uv ananuTHueckol XHMUH Tocrynnac 


um. B. WH. BepxagcKoro 16 IV 1958 
AkajlemuH HayK CCCP 


UMTMPOBAHHAS JIMTEPATYPA 


, ‘Tl. enaxe ii, Hoppe npxOopst a Meron B amekTpoxumun, VJ], 1957, ctp. 

2u(Ge Pueccrou, K. Jlet#aaep, TI. 9apudar, Teopna aOcomioTHBIX ckop 
peaxuwh, VWI; 1948, crp. 548. 39. I. Toxmrek H, JIAH, 126, 598 (@ 
48.1. ToxmtTein, 3an. ma6., No 1, 38 (1956), ®& H.Matsuda, J. Ay 
Zs. Elektrochem., 59, 494 (1955). 
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Akanemun nayk CCCP 
1959. Tom 128, Ne 5 


Wornuayp 


PHSHYTECKAA XHMHA 


a H. JPEMHH u Il. ®. NOXWJI 


- 


PAMETPbI JIETOHALLMOHHOM BOJIHbI TPOTHJIA, rEKCOFEHA, 
HHTPOrJIMWEPHHA HW HAHTPOMETAHA 


(IT pedcmaezeno axademuxom B. H. Koxndpamveeoim 27 IV 1959) 


3 HwacToauleli paOoTe MpHBOAATCA pe3YybTaTbl 9KCMEPHMeCHTAIbHOrO ONpe- 
>HHA MCXAHHYeCCKHX MapaMeTPOB eETOHANMOHHOH BOJIHBI (1. B.) B MIOCKO- 
Uenmena — )Kyre. 

da puc. | u306paxkeH mpouib MOCKOH J. B. COracHO COBpeMeHHOH ruyzpo- 
MHMYeCKOH TeOpHH eTOHallHH. 

SucTema Tpex ypaBuenuli: ypaBHeHuit coxpaneHusA maccpl (1) 4 uMmyvIbca (2) 
mepexoje BelllecTBa U3 Ha¥aJIbHOrO = 
‘OAHHA B cocToxHHe Uenmena — 


oO 


sDLp(D=U), (1) 
P = pyDU (2) 


cmopue Uenmena — )Kyre 


D=U+-C (3) 


Labnenue 


Obnacm pasnema nb. 


ePxKUT TATb HeMSBECTHBIX MeXaHH- 


IkMX mapamMeTpoB JeTOHallMOHHOL "pote tae 


HbI: 2D —cKkopocTb jeToHallun; 
| IJIOTHOCTb MpOLYKTOB B3pbIBa (11. B.); 
CKOpOCTb Il. B.; C — CKOPOCTb 3ByKa 
. B. H P — JaBaenne 0. B. B MVIO- 


Puc. 1. Ilpodunb gapneHua B MocKol Je- 
TOHAIMOHHOH BOJHE. G@—IIMpHHa 30HBI 
XMMHMy¥eCKOH peakiuwuH; P, — japneHwe Ha 
yiapHom ponte; P— yaBmeHue B muoc- 


ctu Uenmena — Kyre. Jina Toro koctH, Yenmena — )Kyre 


Obl pacCuHTaTb STH TMapamerTpbl 6e3 

\HUA YPaBHeHHA COCTOAHHA MI. B., HeOOXOMMMO JiBa M3 HHX ONpesenaTb 
nepumeutasbHo. B anno paOoTre ompeyenanuct D u P. Ckopoctb D u3meps- 
b MPH NOMOUM HOHH3AUMOHHBIX JaTYHKOB Ha Oa3sax ~20 MM; TOUHOCTb 
mepeHua ~0,0%. 

P onpenemavlocb MpH MOMOULH KOCBeHHOTO MeTOJ{a, B KOTOPOM H3MepAIaCb 
IBOHAYAJIbHaH CKOPOCTb CBOGOAHOH MOBepXHOCTH MeTaIMYeCKOH macTHH- 
W, MMOTHO TpwxKaTOH kK TOPLy 3apsya B3pbIBYATOFO BeLeCTBa, B 3aBH- 
MOCTH OT TOJIMMHbI miacTHHKH. Kak Oplio ycTaHoBneHo, W = 2U, (°,*) 
4— MACCOBaA CKOPOCTb 3a (POHTOM yapHoH BOJHbI B MeTawue). SHaHHe 
WaeT BO3MOXKHOCTS HaHTH Dy H Py = PomDwUm, Tak KaK yJlapHas ajMa- 
fa MeTaJlia mpeqmosaraetca uspecTHok. Mcnomb3ya ycmoBue paBeHCTBa 
3JICHHU HW CKOpOCTeH TeveHHA BellecTBa Ha rpaHHle pasfesia B3pbIBYaTOe 
WeCTBO — MeTaJIJI, MOJTYUHM (POpMyVJIy, CBASbIBAaIOWyIO WaByIeHHe B Mayarouleri 
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JleTOHALMOHHOH BOuIHe C JlaBJIeHHeM B yJapHOM Bowe, pacipocTpanxAloule 
co ckopoctbio D,, No MeTasy C HavaJIbHOW MOTHOCTHIO Por)* 


IIpu spose dbopmypt (4) HcMOb3yeTCA AaKYCTHYCCKOE TIpHOJIHW2KeHHE | 
YaapHad aguadata maruua (5), KOTOpbIH ynoTpeOiasica B SKCNepHMeH 
6blia onpezeseHa HaMH MO MeTO,y paOoTbl (?) myTeM HemocpeCcTBeHH( 
usMepeHua Dy u Uy: | 


Dog = (4,78 + 1,16Umg) KM/CEK, 
== (20/2: 


Po Mg 


YaapHaa aquaGata amomunua (6) saumcTBoBaHa B padoTe (°): 


2U 10,895 
Da; = 5,190 + 20,77 logy, (a) KM /CeK, 
Pyay = 2070 r/cm?. 


TlonyueHHple SKCIepHMeHTaJIbHbIe MAHHbIe HSOOParKeHbI Ha rpaduke puc. 
a pacCuHTaHHble Ha UX OCHOBEe MapaMeTPbI AeTOHAMOHHOM BOJIHbI MpUBese 
B TaO. 1. 

Ilia TpoTusma wu rekcoreHa mpefcTaBeHHble JaHHble MOyyeHbI Ha MarHl 
BbIX IaCTHHKAaX, [VIA HUTPOrAMepHHa UH pomeTana — Ha aJIKOMUHHEBb 


Am [CEH 

24 

2p 2 

f 
S 
45 
a 48 
4 60, 90 0h 40 Hm 40 45 We 46 18% 

/ i) 


Puc. 2. 3aBHCHMOCTb NepBoHadaMbHOH CKOpocTH 
cBoOomHoh nosepxHocTH W metanmueckux maa- 
CTHHOK OT UX TOMMMHBI. / — 4rexcoren: / — pg = 


Puc. 3. 3aBHCHMOCTb MaCCOEBON ¢ 
pocTH Ha @pouHTe eTOHAIlHOH 
BOJIHbI TpoTHa (/) H rekcoreHa 

OT HX HavajIbHOH MIOTHOCTH 


= 1,755, 2—po=1,59, 8&—pp=—1,40, 4— 
Po = 1,20 r/em®; 5—9—tTpotun: 5— pp = 1,59, 
6 — po = 1,45, 7 — po = 1,30, 8—po = 1,14 H 
9—po=1,00 r/cm’; /0—uutporanuepnn, po = 
= 1,60 r/cm; 1] —uuTpometaH, py = 1,14 r/em3 


Pa3mepbl BCeX 3aPpA JOB CeyIOUlHe: BbICOTa BMECTE C B3PbIBHOM AHH3OM, Pop! 
PyrouleH niocku pout, 85 mm, Muametp 40 mM. Sapsayb TpoTusa u TreKCcC 
Ha MIPHFOTOBJIAIHCb U3 MpeccOBaHHbIX Walwek BLICOTOH 20 MM; 3apAbI HUT 
MeTaHa HM HHTPOrMuepHna BbICTPeCMMBAIHCb B MeTaIMYeCKOH OOONOUKe T 
WMHOK 3 MM. Kaxkyaa TouKa, mpeCcTaBJIeHHad Ha rpaduke, ABIMeTCA Cpert 
pe3yJIbTaTOM H3 2—5 napuprx onpiToB. I]pu 9TOM cpeqHAA OTHOCHTeIbHAaA OL 
Ka u3mMepeHus 1,0—1,5%. Cnenyer OTMETHTb, 4TO 9TA OWIHOKA MeHbIe MpU 
OoTe C KHAKHMH B3PbIBUATHIMH BeLLeCTBAMH: HUTPOrMIlepHHOM HW HHTPOMeTaH 
Kak noKa3aHo B paGore (°), 30Ha XHMHUeCKOH peaklMM J. B. LA Belle 
CpefHeH MOWWHOCTH 3aTyXxaeT B MeTasue Ha riyOnHe ~1—2 mm. Ha ocnose ST 
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yeT MapaMeTpos J. B. B nocKocTH Uenmena—)Kyre nmpoBogusca cule yIOULHM 
a3oM. SaBucumocTtb W = f(/) skcTpanonupyertca JO mmacTHH HyseBO To- 
jubl. Tlonyuennpie npx 2stTom W, (W npu / = 0) ymenbuwaetcs Ha 2%, TaK 
W, oTmuuaetca ot W ua Toh ‘TuLyOnHe MeTaJlla, Pe 3aTyxXaeT XMMMHK, Ha 
ip ) Paccuntanupie TaKHM OOpa30M NapaMeTPHI ..B. BEPHbl C TOUHOCTbIO FLD EB 


Ta6auna 1 
Po» D, U, P-10?; Cc, e, 
B. B. | T/cm® KM/ceK KM/ceK 6ap KM/ceK T/cm? 
Texcoren | 41,755 8,66 2,41 366 6,20 2,43 
1,99 BLOF | Zee 287 5,87 2,19 
1,40 Ty44r 2309 213 Dol 1,96 
Te) 6,79 Ae Oi 152 4,88 1,66 
TpoTua 4,99 6,94 1,83 202 aid 2,16 
1e45 6,50 ‘Mp2? 162 4,78 AOR 
1,30 6,04 pa) 425 4,45 AT 
1,14 Say 1,49 92 Ate, 1504 
1,00 BY ANS) 1,30 64 3,80 1,34 
Hutpo- 
ranuuepuHH}] 1,60 7,69 | 2,06 253 9,09 PNG) 
Hurpo- 
MeTaH tpg 6,30 | 41,80 129 4,50 1,60 


a ), MMeIOWaA CMBIC NOKasaTeIA MOMHTPOMbI M1. B. oe TIVIOCKOCTH 
sMeHa — 7K yre, 1pH W3MCHEHHH HauaIbHOH MOTHOCTH BelleCTBa OCTaeTCA 
WCTOAHHOH. TlostomMy MoXxKHO yTBepXKaTb, YTO MPH AeTOHALWU BSPbIBUATHIX 
PlecTB OOIbLIOH HaYaJIbHOM NOTHOCTH ITOT NOKA3aTeJIb OCTACTCA NOCTOAHHBIM 
> 6ombUIMX CTeneHeli pacmupenua n. B. Jina Tporuna u rekcoreHa OH He 
3MEHACTCA BO BC€M HCCJI€IOBaHHOM MHTepBasle JaBsenui. 


MucTuTyT XMMHYeCKOH (bu3HKH 


Tloctynus0 
AkayemHH Hayk CCCP 


24 IV 1959 


UAMTHPOBAHHAS JIATEPATYPA 


19, B. Senmpqzosuy, Bdge 10, 542 (1940). 


| 20 Rie Eee Dittele ti Dae klcOnteSncrOntls 
4 Chem. Phys., 23, Ne 7 (1955). ° JI. 


B. AnbTuyaep, Koalke KpynuuKkosugp., 
HOT®, 34, s. 4, 874 (1958). 4 J. M. Wea leseiteekee hte SERA ABE J. Phys. Rev., 

| Ne 6 (1955). CU MaaWeablasuhiieRiitcie,m J Chem. bigan . Ne 4 (1957). & Oruer 
ier, XHM, uz. AH CCCP 3a_1956 rog,. 
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Jloxaann AkawemMun Hayk cccP 


1959. Tom 128, Ne 5 


PH3HYECKAAH XHMHA 


JI. A. KKAPKOBA, uaen-Koppecnonjzent AH CCCP A. H. FEPACHMOB, 
T. H. PESYXHHA u 10. II. CHMAHOB 
PABHOBECHE BOJIb®PAMATA IWHHKA C BOJOPOJOM 
HW TEPMOJMHAMWYECKHE XAPAKTEPHCTHKH ZnW0, 


Hactosmaa paOota sBuIAeTca mpofomKeHHeM CepHu paooT, BeAyIMXcA B 
Hale sa6dopatopun c 1944 r. c Wempio NOJy4eHHA TepMOAHHAMHMYCCKHX Xapak- 
TeEPHCTHK BOJIb*paMaTOB HU MOIMOZaTOB ABYXBaJICHTHbIX MCTAJIJIOB. | 


QIKCNeCPHYMeCHTAALHAA UWACTH 


Bo Bcex MocTaBJIeHHBIX paHee paOorax (1°) 1a H3MepeHHA KOHCTaHT PaBHo- 
BeCHA MPHMeHAJICA WHPKYAAWHOHHbIH MeTO. B Haliem caydae STOT MeTO OKa- 


—-_d 


Puc. 1. Cxema npH6opa: 
J —xpapleBblii peakTop, 
2 — neub, 3 — Tepmonapa, 
4—ZnWOs,, 5—kanunnap, 
3aNOJIHeHHBIM = B Tropsxyer 
yacTH MeHBIMH ONWIKaMH 


3aJICA HEMPHTOeH, Tak Kak OOPa3yIOWHHcA B pesysbTa- 
Te BOCCTAHOBJICHHA WHHK, OOaad OObIIMM LaBJIeHHeM 
mapa Mp BbICOKMX TeMMepaTypax, MOJIHOCTbIO YyHO- 
CHTCA M3 30HbI peakIMH WApKyJMpyrouleH ra3s0BoH 
cmecbio. OOpaTHas peakIHA B 30He OXaKeCHHA H3Me- 
HAeT COCTaB PaBHOBeCHOH Tra3s0BOH cMecH H JlemaeT 
WHpKYIAWHIO HeMPpHMeHHMOH. 

Ilostomy Jit W3MepeHHA KOHCTAHT BOCCTaHOBJIe- 
HHA BObipaMaTa UWHHKa HaMM OblJI UCMOb30BaH 
J@HaMMYeCKHH MeTOA HIM MeTOA MOTOKa. OToT MeToy 
nO<po6HO omucaH B wWuTepatype (* 1%). 

Cxema mpHOopa, ucnomb30BaHHOTO HaMH JWI H3- 
MepeHHA KOHCTAHT PaBHOBeCHA MeTOJOM NOTOKA, M0- 
Ka3aHa Ha puc. 1; oHa CxoHa c MeTOAUKOH KutTueHepa 
u VMruatopuya (2°). W3mexenve, BBeqeHHOe HaMH, CO- 
CTOAJIO B TOM, UTO MbI ONpeAeAH He KOJMYeCTBO Je- 
Ty¥ero MpoAykTa, YHeECeHHOrO MOTOKOM ra3a, a JouIO 
BOJOpoa B PpaBHOBecHOH ra3osol cmecu. Ilappi WunKa, 
OOpa3ylollveca B Pe3yJIbTATe PeaKUHH, MOFMOWAaMHCh B 
ropaAueH YacTH MeJHbIMH ONMJIKAMH. STO Obllo HeOOxo- 
MMO JIA Toro, YTOOLI yCTPpaHUTb OOpaTHyO peakIluto 
(Zn+H20 = ZnO + He), KoTopad Moker H3MeHUTb 
cocTaB paBHoBecHol ra30BoH cmecu. IIpucyrcrsue 
MeJIM He BJIMA€T Ha OTHOWeHHe aBeHHH BOAHOTO 
mapa HM BOJOposa B paBHOBeCHOH TrasoBoli cmecu, TaK 
Kak Kp faa peaxuuu CusO + He = 2Cu + H2O B 
TemMnepaTyPpHOM HMHTepBale HallldX OMbITOB HaMHOrO 
Ooblue STOFO OTHOLLIeHHSA. 


B cnelvasIbHO MOCTABJICHHbIX OMbITaX ObIMIO YCTAHOBMEHO, YTO KOHCTAaHTAa 
PpaBHOBecusA JIA peakuun BoccTaHoBseHHA ZnWOs He 3aBMCHT OT CKOPOCTH MIpo- 
myCKaHua ra3a B mpeqemax 2—5 s1/4ac. Bo Bcex mocmeAytoulNx OMbITAX CKOPOCTb 
ra3oBoro moToKa Opa OKOIO 2,5 m/aac. IIpH sto cKopoctTu HaG6mofanocb NoOJI- 
HOe MOPOWeHHe MapOB WHHKa MeJbiO. 

BoubpamaT WHHKa TOTOBMJICA OCaxKeHHemM pacTBopa K2WOs. pacrsopom 
ZnClz B CTeXHOMeTPHYCCKHX COOTHOMWeHHAX; aHalu3, MpoBeqenHE no Tuaz- 
meOpauly u Jlexyemo (7), c TouHocTbIO Jo 0,5% noxrBepfua cocTaB, OTBeYAaIO- 


mui dopmyse ZnWOa. 
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Boxopox nomyyaica anekTpomu30m 20%-ro pacrsopa NaOH u ounmasca 

KHCMOpoya Hall NalaypoBaHHbIM CHIMKareneM MU OT BOD! Hay CaCle u 
D;. AproH MapkKH «4» Mpoxou Yepes OUNCTHTeEMbHO- OCYIMTeIbHy!0 CHCTe- 
* cocrosllyio H3 KOJIOHOK, 3amOuIHeHHbIxX: |) mMegqHO cTpyxKo (300°), 
‘'TOHKOAMCHepCHOH MefbIO Ha cumuKaresme (170°) , 3) KOH, 4) CaCle, 5) xu 
‘P,O;. Megupie onuKH AIA MOrnOuleHHA NapoB IMHKAa MPHroTaBJIMBaJHCb 
“9JIEKTPOJIMTMYeCKOH MedH. 

Jona Bofopoya B ra3soBol cmecu a onpeyzenaAmacb M0 9. 0. Cc. MeXKLy JByMA 
MOPOHbIMU 3JIeEKTPOAaMu, OHH H3 KOTOPHIX HaCcbillayicA YHCTHIM BOJOPOOM 
| 9eKTpomH3epa, a Apyrok ra30BolH cmecpio Hz + Ar. 


Ria Ay 
; E= OF In pv 


P° — armocdepHoe JapseHue mutoc HeOombINad nonpaBKa (M0 BO,AHOMY 
Hometpy), P —'napiuanbHoe JaBleHHe Boopoya B ras0BoH cmMecu. 


-10 


Puc. 2. 3aBHCHMOCTb KOHCTAHT PaBHOBeCHA OT TeMMePaTyPbI AIA peaknu 
BoccTaHopsenuax: J — ZnO,rge a — ganupie (1°), 6 — akclepHMeHTamb- 
‘apie; JJ — ZnWO4 


| 2. Cc. H3Mepasacb Cc TOUHOCTHIO --0,01—0,02 ms. Temnepatypa neyn nog- 
PpyKuBamacb MOCTOAHHOH c TOYHOCTHIO -+1°, 

| Ilia mpospepku TouHocTH pe3ymbTaTOB, MoyyaempIxX Ha Hawlell ycTaHoBKe, 
bWIO U3MePeHO HECKOMbKO KOHCTaHT PaBHOBeCHA JIA BOCCTaHOBJIeHHA OKUCH 
muKa. Ha puc. 2/ npusesenbt Manuere Kuruenepa u Mruarosuya (1°) aa aToro 
HBHOBCCHA HM Halu, KOTOPble XOPOWO cormacyloTCcA C HX aHHbIMH. 
KoucTaHTa paBHOBecHA JIA peakUun 


ZnWO, + 4H, = Znras + W + 4H,0 (1) 


if We Che NGS 

(g—rew) P 

a’ \4/a+4 a’ Hs 
ee) (a eae) 


Me a H &’ —COOTBeTCTBEHHO MOJIbHad JOA BOMOpowa B HCXOMHOM u paB- 
lOBecHOM ra30BOH cmecu uv P— jaBeHve B 30HE peaKILMH. 

| @a3opblli CocTaB MpOMYKTOB peaKkIHH Obl yCTaHOBJIeH peHTreHorpapuyecku. 
lomyueHHble HAMM 9SKCIepHMeHTaIbHble aHHBIe MmpectaBseHbl B Tabu. 1. 


1 
Ha puc. 2 // nokasana 3apucumoctb Ig Kpor--. 


Kp= 


JAH, rt. 128, Ne 5 993 


Ta6auna 1 


en ee ein? Ta ee 
| 


9.n.c. ucxon- | 9.0.c. paBHO- ‘ 


t nest, HOt cMecH BecHOol cMecH eee ee ie Naa Kp, a™. 
MB Ec MB ELS eat 
SUR SRR CD es CR ls i Eee 
768 | 45,60) 21,5 |47,10) 2158 UGA, I 2,75-10-2/2,46-10-?|  764,3 1,7 40m 
802 |38,95| 20,0 |40,45| 20,0 133} 08, 4,54.10-2/4,03-10-2)  756,8 4,1-10- 
807 | 35,70} 20,0 | 37,18! 20,0 754 ,0 5 ,86-10-2/5,22-10-2) 756,8 4,6-10— 
819 | 45,60} 20,0 | 47,70} 20,0 Ge \2,75-40-2/2,35-10-2) 764,3 | 9,7-10— 
845 |35,60] 20,0 | 37,60} 20,0 752,6 5,91-10-2/5,05-10-2]  755,4 | 2,4-107 
864 | 38,95] 20,0 | 41,20} 20,0 753 ,4 4,54-10-2|3,80-10-2] 756,3 | 3,4-10~ 
878 |35,55] 20,0 | 38,10} 20,0 LOD eo 5,94-10-2/4,93-10-2| 754,0 | 6,2-107 
918 |42.27| 21,5 |45,60| 21,7) 754,4 |8,49-10-2/2,68-10-2) 756,41 | 2,1-10- 
17 769 
MerojloM HavMeHbIUMX KBafpaToB Mouy4eHo ypaBHeHve lg Kp= — — 
+10,21, KoTopoe OXBaTbIBaeT OMbITHbIeC WaHHble C TOUHOCTHIO ++ 16%. 
AZ) = 81310 — 46,74T. 
Kom6unupys peakunio (1) c peakuueli oOpa30BaHHaA BOJAHOrO Mapa 
4 
H, + +O. = H,O, ( 
nowyyaeM JIA peaKIHH OOpa3s0BaHHA H3 9JIEMeHTOB 


Jina peakuuu (2) ucnomp3syem ypaBHenve Uenmena (1°): 


AZ) = 5905441. 0,871T In? —7,0-10 me aa 8055 I 


Metoyom Temxkuua vu IIBaprmaua (1°) c yyerom 3aBHCHMOCTH TeMJIOeMKOCT 
O., W, Zrras H ZnWO, oT Temnepatyppl (14, 1°) mosmyyueHo culexyrollee ypaBHeHT 
naa AZ?sy: 


AZ%(+0,1 Kxan) = — 327 043 + 110,667 — 
— T (1,4195 M, + 7,2952-10-8 M, + 1,80-108 M_.), 


orkyna AH. = —327,0 KKan/momb; AS = — 110,66 xKam/monb-rpa, 
AZ og = — 285,1 KKasI/Momb. | 

Tlomb3yxaicb JaHHbIMH JIA CTaHfapTHbIx sHTpomUii (14) Oy: Soog = 49,0 
W : Soos= 8,00, Zrras : Soog = 38,41, MBI BHIUHCAMIM cTaHyapTHyto SHTpony 
=ZnWO,: Soog= 33,8 Kaul/Moulb -rpay. ; 


MockoscKui rocyapcTBeHHbIM yHHBepCHTeT 
um. M. B. Jlomonocosa a Vii 1950 


UWHMTHUPOBAHHASA JIMNTEPATYPA 


yHus., 6, 103 (1949). 2T. H. Pasyxwua, A. YW. Tepacumo 0 
KX, 25, 93.(1951). ° T. H. Pesyxuwa, I. M. ata ne 6 ti “Coe a 
PK®X, 31, 2206 (1957). * UW. A. Bacuapesa, S. UH. Tepacumos 10. II Cua 
KOX, 31, 682 (1957). ° 10. Il. Cumanos, T. H. Pesyxuwnma 1 ap )KOX 25, 3 
(1951). ©. A. Bacwapesa, A.W. Pepacumos, 10. Tl. Cumanos, T. H. Pes 
xuwa, KOX, 31, 825 (1957). 7F. Pollitzer, Zs. anorg. Chem. 64, 121 (190% 
R. N. Pease, R. S. Gook J. Am. Chem. Soc., 48, 1199 (1996). °K. Ellime 
G. A. Rosner, J. phys. Chem. (A), 143, 51 (1929). 3. H. Kitchener, S. Ig. 
towicz, Trans. Farad. Soc., 47, 1278 (1951). ™J.F. Gilbert J.A Kit eval 
J. Chem. Soc., 1956, 3919. %B.Tunne6pang Ao 
BOACTBO 10 HeoOpraHuyeckoMy aHasuey, 1957. 
22, 385 (1934). 4 Kparxuit cnpapowHnK usuK 
meHko w A. A. Papmensa, JI., 1957. 5 Jf, A. 
32, B. 110, 22331958). 1° M. WU. Temxwn, 
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1T. H. Pesyxwua, A. HW. Tepacumos, JO. II. CumMauos, Bectxu. Moc 


chene 
x lr. JIexqeab, Upaxtuyeckoe pyx 
I. Chipman, Trans. Am. Soc. Meta 
O-XMMMUeCCKHX BeIMUHH Ton pea. K. I. M 
Kapxrosa, T. H. Pes yYXWHa, KO 
JI. A. UB apuman, Yen. xum., 17, 2, 2591(1'94: 


Jornagn Akanemun nayrx CCCP 
1959. Tom 128, N 5 


®H3HVECKAA XHMHU A 


JI. A. JIOBAYUEB 


| EOPHA WENOYEYHO-TENJIOBOrO PACHPOCTPAHEHHS MJIAMEHH 
B CHCTEMAX C PASBETBJIEHHbIMH LENHbIMH PEAKLMAMH 


(ITpedcmaezeno axademuxom B, H. Koxdpambesoim 22 V 1959) 


B npenbiAyUHX cTaTbAX OblJI paCCMOTPeH Mpollecc pacmpocTpaHeHUA MaMeHH 
HB CHCTeMaX C HepaSBeTBJICHHBIMH (4-3) HAM BbIPOKCHHO-Pa3BeTBJICHHBIMH (*) 
Qpeakunamu. Jia XsopO-BOJOpOAHbIX MviaMeH ObIIO NoOWyYeHO YAOBJeTBOPU- 
NTeJIbHOe corjacHe MexKy TeopHeli vu onbiTom (?, °), 


| 


|| B jawnoli cratbe paccmoTpeHa peakwua -ropenua Bofopoya (°), B3aTas 
4B KaveCTBe IIPHMepa pa3BeETBJICHHOM WemHOH peakIlHH: 

H, + O,— 20H, @O, = hai R; (T’); (0) 

Me 2M, ®, = hr,R2(T’); (0’) 

O; + O.-> O; + O, @; = hrsR3 (T’); (0”) 

OH+ H,-H,O+ H,) Qyny = hy Fyny = hy, Ky (T’) nany; (1) 

H + O,-> OH + O, Qofte = hyF gfe = hyKz (T’) npne; (2) 

O=) He OH 7H} Qsng = hgFsn3 = h3Kg (T’) nchs. (3) 


CnpaBa 3amvcaHbl BbIPaxKeHUA MA CKOpocTel BbIZeNeHHA (NormomjeHus) 
Tenia, re h;—TennoBol addekT peakWHH (KaJI/MONb); 11, Mg WU Ns — KOH- 
iuentpayuu OH, H u O (momp/r cmecu); na, Wp HW Nc— KonUeHTpaunHn Hy, O, 
vu H,O (monb/r cmecu); K;— KoHCTaHTa CKOpocTH peakiHH (r?/cm°- MoJIb-CeK); 
R;—ckopoctb 3apoxeHua weneii (MOuIb/cm®-cek); T’—Temnepatypa B °K. 
Tipunato, uro Kosddunvents Au@dy3suu H,, O, uv H,O paBubi KosppuunenTy 
‘TemnepaTypompoBofuocTu (A = cpDa = cp=Dg = cpDc), u nostomy R; = R;(T’) 
lu F; = F; (T’). BmpuuaTol cxeme peakUHH ONYIeHbI NpDoUecch! COpbiBa Llenen, 
‘Tak Kak mpexze (}, §, 4) Obli0 nNoKa3aHO, 4TO Mp BbICOKHX TeMMepaTypax 
'B IlaMeHH MOXKHO He YYHTHIBATh peakUHH, uyMLMX Yepes TPOHHbIe CTOMKHO- 
| BeHHA. 

CucteMa ypaBHeHuli Jad JJaMMHapHOrO MviocKOrO MlaMeHH Mp MpHHATHIX 
YCJIOBHAX WH CXeMe peaKIHH CBOAHTCA K YeTBIPeM ypaBHeHHAM: 


hpp’ — Bep + D + Qity + Qente + Qsrts = 0, (4) 
D,p?n, Gas pn, (B— Dyp') + Ri + Fonte + Fans — Fyn, = 0, (5) 
D,p*n, — pn, (B— Dep’) + Ro + Fity + Fsts— Font, = 9, (6) 
Dp pn, (B — Dzp’) + Rg + Fate — F3n3 = 9, (7) 


rye x—koopmuHata (cm); u—ckKOpocTb noToKa (cM/ceK); p— MJOTHOCTb 
(r/cm®); }— TeMJIOMPOBOJHOCTh CMeCH (KasI/cM-cek-°C); C — TeIIJIOCMKOCTb 
(xan/r °C); Dp;, Dep 1 Dp3s— koapuyvents! Auddysuu OH, H u O (cm?/cek); 
B= up; Di=pDpi; T=T'—To; p= aT /dx; p'=dp/dT; nj =dn,/dP, 
2, = d’n;/dT? 1 D=O,+ O,+4+ 3. Muyekc yyb OTHOCHTCA K HavaJIbHOMY 


cocrosHulo cBexkeli cmecu (T’ = To), HHAeKC fr — K COCTOAHHIO MpH TeMIepaType 
g* 995 


ropenua (T’ —T,), 4 HHMeKc m — K COCTOAHHIO, OTBeYalouleMy MaKCUMaJIbHOMY 
3HaueHHIO rpakvexta Temmepatypbl p = pm (T’ =T’ ) (*)- , 


KouueHTpaluu akTHBHIx wenTpos npa T =T7m MpdOmmKeHHO 3allMuleM - 
coracuo (1) mw Ha ocHo3aHuu (5), (6) u (7) B Buse 


fim = ty + (Rim + Foamtam + Fam'tsm — Fimtim — Blip.) NM, (8) 
Nom = te + (Ram + Fim tim + Fgm%3m — Fom"am — Blo a) Ne» (Oi 
Nam = ts + (Ram + Fom'tam — Fam"am — Blsp 4) Ns, (10) | 
ne ty = A, Np = eatin tim 1 =T a (Ti Tm): Tm = 0,57 (Ys 
r 1 Dn 


B= P_ =P, (*) Hq = 4h) / Colm 

Peuraa cucremy (8), (9) u (10) 4 yuurpisaa O6o3Ha4eHHA, HalileM | 

ine = Ay Dep oni eg HAD Wigan = A (11) 

rye 
A ttt Fi aN, + FonNa+ PouN + PinvenoNs — 2 inbant aan 
A, =2,(1 + FanNo +FsnN3)+22FamN, (1 + 2F3nN3) + e3FanNi (1 + 2FamN 2) 
A, =e, (1+ FamN 3) FimN2+ &2 (1+ FimN, ) (1+ FanNV 3) +&3FanNe (14+ 2F imN,), 
As = €\F imFamN2N3 + &2F omN3 (4 + FimN1) +83 (1 + FinNi + FomN2), 
; ey = t; — Blip Ni + RimNs = tio; + Rimds m0 , hase 


_4m 


29; Yo Ge wea a ieoD in 
= —S eee = — i—~— is Us a —= : 
Oo, = bee 4, r | mph Dp;~(T’)* MH »; aac 


L 
Z Yin 


Tlogcrasnasa (11) B (4) ipa T =T (pu sTOMp=p,, u p_, =0), nonyduM 
ypaBHeHHe IA ompeyeenua Pp, 
A,p? ae Azp*® =H Asp' aan Ayp? —A;=0, (12) 
rye 
A, = Cn, 
A, = Cy (Fimd; + Fomd2 + Famds) — (Qimti@1 + Qemtows + Qsmt3®3) — O 
As = CHF mF 3m918s— 110, (QimF amd2 + QimFsmd3-+ QomF 1md2) — to@2 (QimF amd: + 
+ QomF 1m81 + QumF sm33 + QsmFam53) — t3w3 (QimF'sm51 + QsmFimd1 + 
ot QemP sme = QsmF omSz) =e DO, (Fim, =F Fomde se F3m53) ae 
“a (QimRimd1 aie QomRamds ae QsmR3n53), 
Ag = F mF omF 3m [2075 8953 + £10525 (Ag + Ay) + fo0 5453 (2h, + hg + Ay) + 
++ t30351522 (Ay + he)] ++ OnFimF'3nd183 + Rimdy (QimPomS2 + 
aia QsmF 1mds as QimF amd 3) ai Romd2 (QimP omdy Sie Qoml m1 sf QsmF ems + 
+. QomF'3md3)' = R3nd3 (QimF3n51 oa QsmPimd1 =" QamPamdz i QsmFamd 2)s 
A; oar F mF amP'3m518 293 [Rim (hy ae hs) = Rom (2h, = hy Bis hs) as 
+ Rom? (hr + hs) — 20m]. 
Cxopoctb pacmpocrpaneduaA mmlaMena "HaXOMMTcA MO COOTHOUI2HHIO (? a 


il 
uy = Spal est (13) 


rae p, ompewensetca m0 ypaBuenuto (12). 
996 


| 8aBucuMmccTy KonueHTpauni OH, H u O or temneparyppi T = T’— Ty nlowy- 
);4um us (11) (*), ecau B (11) Bmecto Bcex r BBectH T(T,-—T) Hw nouctaBHTb 
Pm = Pa HalimenHoe us (12). 

BenenctBue masiccTH A; Ww Ay MOxHO MpakTHYecKH CULTATb, uTO B (12) 
|| A;=A,=0. Nonaras, kpome toro, ato cKopocTH sapomwenHa weneli OTHO- 
CHTebHO MaJbI (**) (Ry}>R,=>Rz=~0), a Takxe mpeneOperan B As u Ay 
| BceMM WieHaMM, COfepKalluMH ¢,@; (9TO RONYCTHMO JIA CHCTeMbI C pasBeT- 
‘BJ@HHOM peakieh, KOrfla KOHICHTPallMH aKTHBHBIX WeHTPOB B 30HE peakIMH 
|| MpeBbIWaloT HX PaBHOBECHble 3HAYeHHA MPH TemMepaType ropeHua), MomyyHM 
MpHOMMKEHHOe COOTHOMeHHE JA p, 


p® = 285F sm (14) 
(QGochoBaHHOCTh MpPHHATHIX NmpH nonyyennu (14) ponymenni Obwia Hamu 
MpobepeHa Jia Cyyan TOPeHHA BOLOpOa YNCJIeCHHBIMM pacueTaMH. 

|  Tlogcraraa (14) B (13), nonyunm ouenb npoctce, xoTa Hu npH6uN2xKeHHOe 
|, 10 cpaBHeHyio c (13), cOOTHCINeHve Ja onpefesieHHA CKOpocTHif pacnpocTpa- 


He€HHA TWJlaMeHH 
_ 420 KomBm aa 4ho Kom? Bm 15 
Hore P/U teapat Wi pps Ya Dip p WILY ol 
Polo om Polo Pom | 


Hrne K2/p? = KQ (cm?/monb-cex). 

| Ha unCJIeHHBIX TMpHmMepax wa cyuaeB ropeHHA Boopowa Hamu ObII0 
| YCTaHOBJIEHO, NTO ccoTHCMeHKe (15) RaeT pesybTaT, BeCcbMa OM3KHH K TOMY, 
| kKoToppii mosyuaetca mo (13). Ilo-BuqumMomy, TobKO NpH BecbNa HU3KHX 
| WapmeHuax BcsecTBve rayCokoH MvccoWnalvMH He Bcerfqa MOXKHO OyzeT 
\TpeneOperatb B Ag U Ay UeHAMH, COLepxalNMH 7,0;. 

CootHomeHve (15) paeT BO3MO%KHOCCTH ONPEJeIHTb OMbITHBIE 3HAveHHA 
| Mpe29KCNOHEHTa M 9HEPrHH aKTVBaluH KOHCTaHTbI Mponecca (2) no onbITHOK 
| 3a€BHCHMOCTH CKOPOCTH pacMpocTpaHeHHA TWlaMeHH OT TeMNepaTypbl TOpeHHA. 
Sta OMbITHAaA 3aBHCHMOCTb Obila NosyyeHa NO aHHbIM WIA PBYyX cmeceH: 
1.Cmecb ccctaBa 0,72 H.+ 0,2795 O.+ 0,COIS Na ho 2:07 LU > pee 
Ig oo (atom TH), c,== 1,9, 76 = 293 K wT. = S04D CK 

i 2. Cmecb coctapa 0,43H,-+ 0,57 posnyxa: 4, = 1,6-1074, Dpo = 1,15 
‘(atom H), ag = 1,9, Ty =293°K nu T; = 2126K. 

_ Temnepatypbl ropeHua OblvIM paccuuTaHb! c yyeTom yucconvauun. IIpu 
| BBIUHCJIeHHH KosdpuuveHToB Au¢dpy3nun s¢dekTHBHbIM pawNyc aToMa BOROpoa 
(Obi mpHHAT no (°). TensonpoBofHocTb cMecH Oblla onpeyeseHa MO OMNbITHBIM 
‘WaHHbIM, MpHBeeHHBIM B (”) Awa cmeceHh Hy u Og. 

OnbitHble 3HauYeHHA KOHCTaHTH! Kp OblIM ONPeNeJeHbI A yKa3aHHbIX JBYX 
cMeceli 10 JBYM HcTOuHHKaM: 1) no JaHHbIM S1Ha (§) oOTHOMMeHHe CKOpOCTeH paclipo- 
CTpaHeHHA MvlaMeHH cocTaBsineT 3,39 HM HalienHas No (15) KkoHcTaHTa CKOpOCTH 
Kz = 1,32-10!4 exp (—14 000/RT’) (cm?/moub -cek); 2) mo Gomee NO3LHAM aHHbIM 
| Baptosiome (°) oTHomeHve cKOpocTel pacnpocTpaHeHua muiamenu 3,80 u Hail- 
Mennaa mo (15) koncranta Ko = 4,72-1014 exp (—16 300/RT’) (cm?/momb-cek). 

Tlonyyenubie 3HaueHHA KOHCTaHTEI CKOpocTH Kg HaxOfsATCA B yAOBseETEOPH- 
TeJIbHOM COrlacHH co 3HaueHHeM KOHCTaHTH Ky=5,66- 101% exp (— 15 100/RT’), 
HalileHHbIM He3aBHCUMBIMM OT MwlaMeHH KHHeETHYECKHMH MeTogamy JI. B. Kap- 
musioBpoH, A. B. HanGanaauom u H. H. Cemenosnm (?°, 4). 


Bosee TouHoe onmpeyenenue 3HaueHua K3 MOXKHO BBIMOJHUTb M0 COOTHOLWMEHHIO 
(13), oHako mpexkje, no-BuHMoMy, WesecooOpa3sHo yTOUHHTb BCe HCHOIb3sye- 
Mble IPH pacueTax OMNbITHbIe JaHHble, a TAKKE YHCJICHHBIM HHTCErPHPOBaHHeM CH® 
cTembI ypaBHeHul (4) — (7) HalitH CKOpocTb pacnpocTpaHeHHA M1aMeHH UH, CO- 
MOcTaBHB ee C BbIUHCIeHHOH mo (13), onpeqenHTb OTKJOHeHHe, KOTOPOe aeT 
npu6imxKeHHoe cooTHoleHve (13) no cpaBHeHHIO C PesybTaTaMH UYHMCJIeHHOTO 
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wHTerpupoBaHua. Takoe comocTaBeHHe MpOBOAMOCh Aid CHCTeM C Hepa3BerT- 
B/ICHHbIMM IenHbIMH peakituamu (1°), LWIA KOTOPbIX IPHMCHAJICA TOT Ke, YTO F 
B HacTOAMleli craTbe, Mero, pemmenus (1). [IpumeHenue ye MpoBepeHHOro MeTOLe 
pewienua oOecmeyuBaer mpHemmemylo BeMuMHy (*) JaBaeMoro HM OTKJIOHCHHA, 
TOUHOe 3HaYeHHe KOTOPOFO AWA CHCTeM C Ppa3BeTBJICHHbIMA PpeaKIMAMH MOKHC 
yCTaHOBUTb TOJIbKO YHCICHHbIM MHTerpHpOBaHHeM. 

V3 cootHouenua (15) caehyer, YTO CKOPOCTb PacMmpocTpaHeHHA IlaMeHH 
MPOMOPUMOHANbHa TeMMOMPOBOAHOCTH CMeCH UH OOPaTHO MpONOpWMOHAaIbHa KOp- 
HIO KBaypaTHomy “3 Kosbbuuuerta Auspy3uu aroma Bosoposa. B padore Men- 
juua u JImauera (!”) mnpuBoquTca OTHOWIeHMe CKOPOCTeA pacmpocTpaHeHUuA Msa- 
MeHH Jd lByx cmece (0,21 Hz + 0,11 O2), meppaad 43 KOTOPBIX CoJep2KUT 
0,68 He, a sropaa 0,68 Ar. Sro oTHolleHHe, HalifeHHoe Ha OlbITe, paBHO 2,40. 
B (22) quia 9TUX xe CMeceli MPHBOAMTCA OTHOMeHHE TeMMOMPOBOAHOCTeH, CocTa- 
pustollee 3,76, HM KOPeCHb H3 OTHOMeHHA KOIPPuUMeHTOB Audpy3Hu aTOMOB BO- 
mopoga, papuprit 1,32. BrraacaenHoe c nomouspto (15) TeopeTu4ecKoe OTHOIMeHUe 
cKopoctelt pacmpocrpaHeHua miamenu 3,76/1,32 = 2,85 oKaspIBaeTCA HeCKOVJIb- 
KO OO/IbUIMM, 4eM OMbITHOe. OAHAKO 3TO COOTBETCTBHE CJIeAyeT MPH3HaTb YOBWIeT- 
BOPHTCJIbHbIM, HMCA B BUY TPYAHOCTH, CBA3aHHbIe C OnpeseeHHeM KoIppulueH- 
TOB HepeHoca, BO3MOXKHbIe OWIMOKH MpHOHKeHHbIX TEOPeTHYeCCKHX COOTHOLMEHHH 
HM He@TOUHOCTH OMbITHBIX JaHHbIX. 

M3 cooTHouenua (15) Mo2%KHO BbIBeECTH TEOPeTHYeECKY!O 3ABHCHMOCTb CKOPOCTH 
pacipocTpaHeHHA MlaMeHu oT AaBsenuA Py AIA CHCTeM C pasBeTBJICHHbIMA Len- 
HbIMa peakyuamu. J\na cmecei Cc BbICOKOH TeMMOTBOPHOCTbIO TeMMepatypa Tope- 


Hua Tr OyfeT CHM%KaTbCA MPH yMeHbieHuu Py u, cormacHo (15), B OCHOBHOM 
B 3€BHCHMOCTH OT BEMUMHbI SHePrHu AKTHBaluu mpolecca (2) OyqeT CHuKaTHCA 
CKOpocTb pacnpocTpaHeHua maamMeHH. Jna cmece C HH3KOH TeMJOTBOPHOCTHIO 
TemiepaTypa TopeHHa MpakTM4ecKH He 3aBHCHT OT Py, MOSTOMY CKOPOCTb pac- 
MpOcTpaHeHHs' MaMeHH B STHX CMeCAX He OyfeT MCHATHCA c JaBseHuem. H3Be- 
CTHbI TOJIbKO OMbITHbIC WaHHple Qaca (13) AA BOMOPOMO-KHCOPOAHBIX cMeceH, 
CKOPOCTbh pacmpocTpaHeHHA WwlaMeHH B KOTOPbIX YMeHblUlaeTca MPM m0- 
HWKeHHH JaBJIeHHA. 


WuctutyT XHMuyecKOH u3HKU ‘Joctynua0 
Axkallemuu Hayk CCCP 18 V 1959 


ZUMTHUPOBAHHAA PIMTEPATYPA 


1 JI. A. Jlopaues, JAH, 120, Ne 6, 1287 (1958). 7? JI. A. Josauzes, JAH, 124 
Ne 6, 1271 (1959)*. 3 JI.A. JIlopaues, JAH, 125, Not, 129 (1959). 4 JI. A. Jlopaues, 
TAH, 123, Ne 3, 501 (1958). ° B.H.Kouazpartbes, Kunetuka XuMM4eCKHX ra30BbIX peak- 
nua, M., 1958, crp.514. © W. H. Clingman, R.S. Brokaw, R.N. Pease 
Fourth Symposium on Combustion, Baltimore, 1953, p. 310. 7, J. O. Hirschfelde r, 
C. F.Curtiss, R. B. Bird, Molecular Theory of Gases and Liquids, N. Y., 1954, 
®§G. Jahn, Der Ziindvorgang in Gasgemischen, Karlsruhe, 1934. 9 E. Bartolomé 
7s. {. Elektrochem., 54, Ne 3, 169 (1950). 1° JI. B. Kapmuaosa, A. B. Haan6a H- 
gnau,H.H.Cemeuos, K®X, 32,8.6, 1193(1958). 44 H.H.Cemeuos, OnexorToppix 
mpoOseMaX XHMH4eCKOH KHHETHKH H PpeaKIHOHHOH cmocoOHocTu, M., 1958. 1%C. E, Mel- 
lish, J. W. Linnett, Fourth Symposium on Combustion, Baltimore, 1953, p. 407. 
18 Dusuyeckue | M3MepeHHsA B ra30BOH MHaMuKe 4 pH ropenun, VJI, 1957, crp. 462. 


* 2 we 
B crate (*) npu o603Hayenuu pasMepHoctei BemmuNH HacTp. 1271 (B crpokax 9,10 u 
1] cpepxy) u na crp. 1273 (crpoxa 19 cpepxy) BMecTo «Mob» ollMGOouHO HaneyaTaHo 
4MOJI>. 
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Aoxnagn Akayemun nayr CCCP 
1959. Tom 128, Ni 5 


PH3HYECKAA XHMHA 


B. X. MATIOLWWEHKO 
TEOPHA MOJWBOPA KATAJIM3ATOPOB HW 3SHEPFMH CBSA3H 


(ITpedcmaeaexno axademuxom A. A. Baaandunom 28 V 1959) 


Bompocbl Teopuw nodOopa KaTamusaTOpoB /ABJIAIOTCA IeHTPaJIbHbIMH BO- 

pocamu TeopeTuyeckol HM MpakTHyecKol KaTamHTMYecKoH xumuu(!). Han6omee 
baKHBIM Ha COBPEMeHHOM 9Talle Ppa3sBUTHA TeOPHH NOLOopa KaTasM3aTOPOB AB- 
Iiaerca HakommeHue cBeeHHH O MpHpode CBA3H MeXKLy acopOupoBaHHOH Moue- 
yaoi HM KaTaJIM3aTOPOM, O €€ 3ABHCHMOCTH OT XHMHYECKHX CBOHCTB 3JIEMCHTOB, 
OCTABJIAIOMMX KaTaJIH3aTOp, HU OT 3apaMOUHbIX 3aMeCTUTeNeH. 
Hmxe nmpelviaraetca MeTojl pacueta 9Heprult cBx3el 43 SHeprult cyOnuManuit 
i 9JIEKTPOOTPHIaTesbHocTeH. Mp 6OyeM UCXOMUTb u3 HaliyenHOoH TlommuHrom 
1 Iepmaxom (?) mponopivoHambHocTH Mexy 2Hepruelt cBA3H Qa_a M KBal- 
haTOM TIpouHOcTH cBA3H Sa 


i 
" 
¢ 


Qa-a~ Sa. (1) 


Ina sHepruH Qa—p Mexy atoMamu A u B ne (1) aBroppl Hama 


Qa—B = = V Qa—a-Qa_p + = AQa—B; (2) 


fmecb AQa-p— MompaBKa Ha Pa3HOCTb dJICKTPOOTPHaTeJIbHOCTeH X, paBHaA 
3,06 (Xa — Xp)", 4 m— KoncrTanta, KoTopyto [lomuur uw Wepman nosoxnau 
aBHOH eluHuue. YpaBuenua (1) uw (2) ycneino ObliM HCnOb30BaHbI pAOM 
BTopos (°, 4, 5) waa pacueta Qa-p. IIpm pacuerax mo ypaBHeHuio (2) MbI 
MOIOKUIH Qp_p PaBHOM CpeqHUM 3HEPrHAM CBA3H B OpraHH4YeCKHX MOJIeKysax 
Qu-u, Qc—c, Qo—o, Qc=c — NepBaA pBYWadcA CBA3b Mi T. J.) 
ko—k 
Qa—a — 2 ae LE; (3) 


| fe) 


rie ky H ky — KOOpAMHallHOHHOe uNcsIO aToma A B OOBeMe HM Ha MOBepXHOCTH 
KaTauzaropa u L— 9Heprua cyOMMallHuH. ‘ 
YpapHenue (3) nomy4eHo, HCXOA M3 TOrO, YTO KaTaJIMTHYeCKH AKTHBHBI 
IeHTp — MYJIbTUMIeT MpescTaBAeT COOOH pacromoxKeHHy!o Ha OBePXHOCTH 
YaCTh KPHCTa/WIMYeCKOH pellleTKM KaTaIH38aTOPa HIM 3apOfbI TAaKOBOH. ATOMbI 
MOBEPXHOCTH KaTaJIM3aTOPa OTHYAIOTCA OT ATOMOB B OObeME KaTAaJIM3aTOpa TeM, 
UTO UaCTb HX BaeHTHOrO OGNaKa OCTaeTCA CBOOOMHOH HW He y4acTByeT B Co3Ja- 
HUH XHMHMUCCKHX CBA3eH Cc COoceqHHMH aTOoMaMH. B 3STOM CMBICJIe MOXKHO TOBO- 
PHTb, YTO MOBECPXHOCTHbIe ATOMbI KaTaJIM3aTOpa OOaLalOT HeKOTOPOH Aoueh 
KCBOOOJHOH BaJIeHTHOCTH». OTA HeHACHILICHHOCTb ATOMOB AaKTHBHOrO WeHTpa 
npuaeT eMy MOBbILeHHbIM XUMMYeCKHH UM aCOPpOMMOHHbIM NMoTeHIMa. MoxkHo 
HOOKUTS, YTO MOBEPXHOCTHLIH aTOM KaTamH3aTopa A BHOCHT B SHeEprHlo CBASH 
Qa_—p TeM OOMbIy!O WOO, YEM MeHee OH HacpillleH, T. e. 


Qa-a => (ko — hn) Qa—a, (4) 


rye Qa_a — 9Heprua cCBA3H Mexy aTromMamH A—A B oObeme KaTasM3aTopa. 
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Ta6auua t 


3HaueHHe 9HeEprHv CBA3H (B KKaJ/MOJb) OpraHOreHOB C MOBEPXHOCTbIO KaTasMsaTOpa 


Kata- 
mu3a- 
TOp 


Be 


Ta 
Gr 


1000 


Sueprua 
cy61uMa- 
Wu 
(KKaai/r-aT) 


76,63 
35,9 
46,04 
39,2 
41,96 
75,0 
93 


Ro—Ry|ONeKTpoor- 


= puuatTesb- H Cc N oO S F Cl Br J 
ko |yocts (2B) | 

| 

a 1,5 | 54,4 | 45,7| 29,9] 62,9) 29,2 | 164,9 | 85,1 | 70,9 | 56, 
oa 1,2 | 50,0 | 16,5] 93,5] 75,4] 31,4 | 192,38 | 97,3 | 80,7 | 63, 
pe 1,0 | 65,0 |20,7| 40,6| 85,0] 39,5 | 221,1 | 118,14 | 99,3 | 79, 
v= 1,0 | 61,7 | 20,1 | 39,8| 84,0] 38,4 | 219,4 | 1161 | 97,4 | 7, 
= 0,9 | 69,1 | 22,1} 43,1] 90,4) 42,4 | 27,6 | 126,1 | 106,9 | 85, 
2 1,5 | 54,0 | 15,6|29,8|62,8| 28,6 | 164,6 | 84,8 | 70,6 | 56, 
i 1,3 | 65,9 |19,3/36,1| 74,4] 35,9 | 191,4 | 103,41 | 87,4 | 70, 
i 1,2 | 72,5 |24,0| 39,5] 83,9] 39,8 | 205,1 | 103,14 | 95,9 | 78, 
=i 1,6 | 61,0 |16,7| 30,4] 62,0] 30,5 | 159,7 | 95,5 | 71,8 | 57, 
+ 1,5 | ¢7,0 | 48,5] 33,9/ 67,7] 33,6 | 172,4 | 94,4 | 79,6 | 65, 
a 1,4 56,3 | 16,6 | 31,9| 66,9] 30,9 | 175,7 | 91,2 | 76,3 | 60, 
a 1,4 | 99,9 | 22,1 | 38,9/ 76,3] 40,6 | 192,9 | 109,6 | 93,8 | 78, 
== 1,9 | 57.3 | 14,6] 25,1]50,6| 26,0 | 130,1 | 69,6 | 58,7 | 48, 
== 1.7 | 74.4 | 19,4] 92,6] 63,5] 34,5 | 157,9 | 90,5 | 77,5 | 65, 
Be 1,7 | 74,2 | 19,2| 82,7] 63,5] 34,6 | 157.9 | 90,7 | 77,6 | 65, 
a 2,2 | 54.3 [40,7] 17,9| 36,7] 19,0 | 97,7 | 48,8 | 41,4 | 34, 
== 1,6 70,6 | 18,9] 33,4] 65,6] 34,2 | 165,5 | 92,7 | 78,5 | 65, 
= 2,0 | 73.9 }17,6| 28,2] 58,3| 31,3 | 130,9 | 77,1 | 66,5 | 57, 
= 1,9 | 5g 4 | 14,1] 25,5| 51,0] 26,5 | 120,8 | 70,5 | 59,5 | 49, 
— 1,5 | 59.9 | 15,2] 29,2] 61,6 28,1 | 163,5 | 83,3 | 68,9 | 54, 
<= 2,2 | 79,3 | 16,1/24,8|45,9| 28,5 | 112,4 | 67,0 | 58,7 | 53, 
= 1,8 | 534 | 14,0] 25,3| 52,1] 25,3 | 136,0 | 70,7 | 59,0 | 48, 
= 2,0 65,0 | 15,9] 25,9] 50,3] 28,2 | 126,0 | 71,2 | 60,9 | 52, 
= 2,0. | 67,9 | 16,4| 26,8] 51,3] 29,2 | 127,7 | 73,3 | 62,9 | 54, 
1,7 | 57.9 [15,4] 27,8] 57,0| 27,8 | 147,6 | 77,7 | 65,3 | 53, 
os 2,1 | go, | 443| 23,2| 45,3] 25,3 | 114,5 | 63,4 | 54,2 | 46, 
a 2,1 | 65,7 | 18,5] 24,8] 47,8] 27,5 | 117,9 | 67,6 | 58,2 | 40, 
= 1,8 | 54.2 | 14,3] 25,6| 52,6] 25,8 | 196,7 | 71,6 | 60,0 | 49, 
— 2,0 | 49,7 |42.4| 24,6| 44,5] 22,2 | 116,9 | 59,8 | 49,9 | 44, 
a 2,1 | 56.3 |13,5| 22,2] 43,8| 23,9 | 142,2 | 60,2 | 54,6 | 44, 
= 2,0 | 46,5 | 14,7] 20,7] 43,3] 20,9 | 415,0 | 57,5 | 47,7 |r 
a 1,8 | 45,2 | 12,3} 23,1] 49,3] 22,3 | 131,3 | 64,9 | 53,5 | 42, 
= 2,3 | 46,8 | 10,6| 16,9] 34,0] 18,6 | 90,5 | 45,9 | 38,9 | 33, 
i 1,5 | 38,3 |12,2/25,3/56,9| 22,7 | 155,2 | 73,1 | 59,3 | 45, 
ar 1,5 | 36,3 | 11,7] 24,8/56,1| 24,9 | 154,0 | 71,6 | 57,9 | 43, 


Ta6aunua 1 (npoxomKenne) 


Wena. A 2b eae ONeKTpoorT- 
eet cen = — | toe, | HL oy NOH s F Cl Br | J 
)| TOP | xKaun/r-at 0 (8B) 
12—9 
In 58,2 i 1,5 48,7 | 14,4] 28,8] 60,8| 26,8 | 151,5 | 80,9 | 66,8 | 52,6 
Tl 43,34 aS 1,9 35,0 | 9,6] 18,8] 42,2] 17,3 | 116,7 BO || LY || GBS 
Sn 72 ie 1,8 38,2 | 10,7| 21,1 | 46,5| 19,5 | 127,0 | 50,6 | 48,4 | 37,7 
Pb 46 34 = aS 37,6 |-10,4 | 20,9] 46,3| 19,2 | 126,7 | 59,4 | 47,9 | 87,3 
Ge 78,44 eS 1,8 48.4 | 12,9] 23,9] 50,3] 23,4 | 127,8 | 66,9 | 55,5 | 44,7 


Suauenua Qp_pu Xp 


H Cc N oO S F Cl Br J 


SHeprus cCBASH, KKaJI/MOb 104,18 82,87 75,38 59,5 64 37,6 58 53,4 54 
QneKTPOOTPULaTebHOCTH, 9B Duly “Ds 3,0 3,5 Pd Bi 3,0 2,8 2,55 


Qa-—a JICrKO BbIPa3HTb Yepes 9HEPrHuo cyO/IMMaLLHH 


Pins Ls (5) 


NTlogctapaaa (5) B (4), momyyaem (3). Tak Kak C MOBepXHOCTHbIM aTOMOM 
WKaTamM3aTopa OyfeT B3aMOJeCHCTBOBaTb He TOJIbKO CBOOOAHBIH 9JIeKTPOH 
4 acopOupyrolleroca payukKaJla, a BCe BaJICHTHbIe 3JIEKTPOHbI, TO MbI MOJIOXKUI 7 
| PaBHbIM BaJICHTHOCTH aTOMa, KOTODPbIMi HeMOcpeCTBeHHO OOpa3yeT CBA3b C MO- 
} BEPXHOCTbWO KaTaM3aTopa. CnpaBeMBOCTb TakOro JONYUeHUA NOATBepxKaeTcA 
icoriacHeM pacueTa MoO ypaBHeHuto (6) c 9KCHepHMeHTOM. TakHM oOpasom, 


| ko — kn 
] 4 — LQp_p + 23,06 (X, — Xp)? 
PIS ES arta ee re el ee (6) 


| np 


| BONbTAaX. 
PesybTaTbI pacueToB mo ypaBHeHuio (6) mpw onpeyeneHHOM 3HayeHHH 
| f = co6panpr B Tan. lu 2.Jina pacuera MbI ucnOmb30Banv JaHHbIe 


‘lo 9Heprusm cy6IMMalnu 43 cBoxKH HatnonasmbHoro 6ropo craHyzapTor CILIA (°), 
1 
|Mo 9HepruAM CBA3H — JaHHbIe Kouyparpesa (’). 

SHayeHHA BICKTPOOTPUIaTeMbHOCTH B OCHOBHOM ObIJIM B3ATbI H3 CBOXKH 


|Topau u Tomaca (8), TombKO 9IeKTpOOTpHaTeMbHOCTH aTOMOB = C, =C, Cap, 
1 Caner, AC, FIC u [ jc 6bIIM OLeHeHbI MO copmyvie 


Xp X ose ag s (7) 


re a—a6comorHoe 3HaueHHe paSHHIbl MexKLY MeHcTBUTebHOM TemsOTOH 
| OOpa30BaHuA HM TemMOTOH OOpasoBaHuA, pacCuHTaHHOH u3 SHepruu CBx3eH M0 
alaurupuolt cxeme. (Ina =C u =C nomyyaem Xoc OT 3,589 no 3,285 
w X—c or 4,127 no 3,953. Bpikos (°) coBeplieHHO ApyrHM NyTeM Halllev 
meee == 10/00 Xeec = 3)319) 
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B KavectTBe MpeXBapuTeJIbHOrO OOCy2KMeCHHA MOMYYCHHBIX PC3YJIbTATOB MO2KHO 
OTMeTHTb, UTO JaHHbIe Tab. 1 FOBOMbHO ACHO YKa3bIBaloT Ha NepHoudecKuu 
XapakTep KaTaJIMTH4eCKHX CBOHCTB 3JIEMCHTOB H Ha 3aBHCHMOCTb 9THX CBOHKCTB 
oT (u3H4ecKOrO COCTOAHHA MOBepXHOCTH (H3MeHeHHe f MOBOJIbHO CHJIbHO BJIMACT 
Ha BeIMUMHY Qa_p). QHeprHu CcBA3H Qa—pB KOJICOMIOTCA B IWMPOKOM HHTepBasie 
B 3aBMCHMOCTH OT MpHposb KaTamusaTopa (Qca—H = 36,3 u Qrn—n = 80,9; 
Qr—c = 9,64 Qpa—c = 22,1; Qau—o = 34,00 90,4 UT. .) H BasleHTHOFO COCTOA- 
Hus aToMa (cM. Ta6n. 2). YBemu4eHHe MpOUHOCTH CBASH Qa—p Ha OJHOM H TOM 2Ke 


Ta6Oauna 2 


SHaueHuA oHepruu CBASH (B KKaJI/MOMb) yrJlepO2HEIX ATOMOB OpraHHyecKHX MOJIeKyA | 
C MeTaJIMueCKHMH KaTaMsaTopamH (f = 1/2) 


B ue a- 
.|pasBeT- = 
H.C=cH |Gpohet il baen: C=0e Nt /Ae lec [le 
H,C=CH, ] ae HBIx |HC=CH} 7 \_/ i | ow Ac/QCc Nt 
R C=C owmedu- R R \ZC | HC CH, 
Hax 
C=C 
XC» 9B 3,589 3,42 3,368 | 3,285 4,127 3,953 4,04 3,72 3,587] 3,56] 3,004: 
| 
QB-B 57,9 63,33 65,43 | 68,65 51,6 50,9 121,38 67,0 82,87 |82,87] 82,87 
KKa Ji 
MOJIb 
Ni 28,0 25,0 OY Gy | OR. 40,4 35,5 41,9 31,4 29,8 |29,3 | 19,8 
Co 30,2 27,4 26,3 25,4 43,4 38,3 44,7 33,9 32,1 |341,5 | 21,4 
ne 27,6 24,8 24,0 22,8 39,9 35,4 44,5 31,2 29,5 {29,0 | 19,5 
Pt 23,3 21,0 20,4 19,5 33,6 29,4 36,2 26,4 29,3 |24,8 | 17,3 
Pd 23,6 24,2 20,5 | 19,5 34,7 30,5 36,3 26,8 25,4 |25,0 | 16,8 
Cu 23,0 20,5 19,8 18,8 34,4 29,9 35,4 26,2 24,7 |24,3 | 16,0 


KaTaJIM3aTope B OOMIEM COOTBETCTBYEeT CuJleyiollemy pay (6e3 yueTa pa3IM4HbIX 
BaJIeHTHBIX COCTOAHHM yruepoma): Qa-c< Qa-n< Qa-s < Qa_s < Qa-o < 
< Qa-u < Qasr < Qa—ci < Qa-—r C BO3MO%KHBIMH MepecTaHOBKaMH CoceHUX 
YWJICEHOB pala B OTIeJIbHBIX cuydaax. OHeprua cBaA3eH Qa nw = Qa-_s;} 
Qa = Qao  Qa-s HW Qhgs = Qasr. 

B naxogamelica B neyata B PKypHaie du3suueckoli xumuu pa6ore C. JI. 
Kunepmana u A. A. Bananiuua, 10 pa3smMuHbIM JIMTepaTypHbIM JaHHbIM KH- 
HeETHYCCKHM MeTOOM PaCC4UHTAaHbl SHEPrHu CBA3eH PearHpyIOWMX ATOMOB Op- 
raHuyecKHX MOIeKys Cc moBepxHocTbiO Ni, Fe, Pt, Pd-karanusatopos. Bce 
9TH pacueTbl HaxXOJATCA B xoOpolieM cormacHH c aHHbimu Tad. 1 u 2. 
Hexoropple OTKIOHeHHA MOryT ObITb OTHECeHbI KaK 3a CUeT HeTOUHO- 
CTeH 9KCIIeCPHMeCHTaJIbHbIX JaHHbIX (HeTOUHOCTb B BbIOope MHMUTHPyrollen 
CTaMM, OCJIOXXHCHHA KMHETHYCCKHX H3MePpeHHH B MPHCyTCTBHM BOOposa), 
TaK HW 3a CUeT H3MCHEHHA CTPYKTYPHOro cpakTopa MysbTunserta f. 

[Ipenaraempii MeToX 6e3 oco6oro 3aTpyAHeHHA MO2KHO IIPHMCHHTb u K 
UPyruM TunaM KaTaIu3aTOpoB. 


Tlocrynuso 
12 V 1959 


UMTMPOBAHHAA JIMTEPATYPA 


1A. A. Banauyu nu, KP®XO, 61, 909 (1929); 62, 703 (1930). *L. Paulin g, 
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J. Sherman, J. Am. Chem. Soc., 59, 1454 (1937). 3 A.B. Caspuy kui, JAH, 87, 
Ne 4, 631(1952). * D.D.Eley, Disc. Farad. Soc., 8, 34(1950). ® D.P.Stevenson, 
J. Chem. Phys., 28, Ne 1, 203 (1955). §® U.S. Nat. Bur. Stand., Cire. 500, W., 1952. 


BiH. Kouaparbes, Yen. xum., 26, 861 (1957). ®W.Gordy, W.J.0.Thomas, 
J. Chem. Phys., 24, 439 (1956). ® [. B. Bat kos, U3s. AH CCCP, OXH, 1956, Ne 12, 1435. 


1002 


Joxrazanp Akangemun nayr CCCP 
1959. Tom 128, Ni 5 


PH3SHTECKAA XHMH Al 
H. B. MEPLOB, 10. B. FOPIOHOB, JI. A. KOUAHOBA u B. H. JIMXTMAH 


K MEXAHH3MY JEMCTBHS JIETKONJIABKUX 
METAJIJIANECKHX PACIIJIABOB HA MEXAHWH4YUECKHE CBOHMCTBA 
BOJIEE TYPONJIABKUX METAJIJIOB 


(IT pedcmaeneno axademukom IT. A. Pe6uxdepom 28 V 1959 ) 


Kak U3BeCTHO, CBHI B MeTaJIJIMYeCKOM MOHOKPHCTasme ocyllecTBAeTCcCAa 
pesyuIbTaTe mepeMellleHHA AUCIOKalu B MeHcTBylOlleH cucTemMe mMocKocTeH 
PKOJIbKeHHA. B YMCTHIX MH XOPOLIO OTOXKAKEHHKIX MOHOKPUCTaMax HanpsAxKeHue 
bTapTa JuCIOKaWMH OYeHb MaJIO, O 4EM CBUJETEJIbCTBYIOT 3HAYHTEIbHbIC MaCTH- 
mieckve JepopMalluH, BOSHUKalOlve axKe MPH MaJIbIX CKAJIbIBaIOWAX HalpsAx*Ke- 
MAX. OHako MO Mepe pocTa BeHYMHbI CABHra CKaJIbIBalOllee HalpsA»xKeHHe 
BO3PacTaeT B CBA3H C MOpyeH PelWleTKH, BOSHHKAIOleH B PesybTATe NpOXoxK]e- 
PHM OONbIUWOrO YACIa WucMoKauHH. B mOCKOCTAX CKOJIb%KCHHA Ha MYTH ABUXKy- 
WUXCA THCOKaWwMH BOSHUKAaIOT TaKHM OOPa30M MIpensATCTBHA,TeM Golee TPY AHO 
/TIPCONOJIUMbIe, YEM B OOJIbIIeEH Mepe 3ATOPMOXKEHHI BOCCTAHOBHTEJIbHBIE MPOMecct, 
BASAHHbIC C TEMJIOBON MOABHXKHOCTbIO ATOMOB, T. €. EM HWXKe Temlepatypa wu 
Billie CKopocTb Reopmaun. Ilo Morty (*), ckommeHue AucnoKalul nepey Ta- 
HMM MIPeMATCTBUAMHM BBI3bIBaIOT JIOKAJIbHbIC KOHI[CHTPallHH HalpAxKeHHH, KO- 
Opble MOryT MpHBeCTH K MOABJICHHIO TpellMH paspymieHua. Ilo-Buqumomy, Ha 
INepBbIX 9TAaMaX MPOMCXOAUT CIMAHHe TOMOBHbIX AUCIOKawHH u oOOpasoBaHue 
NOJbIX THUCIOKAUHOHHBIX Aep — 3apo/bilieH MHKPOTPelHH; STH NMOMbIe Wucw0- 
iKAaIMOHHbIe AApa POPpMUPyiOTCA 3aTeM B KJIMHOBHAHbIe TPeWMHbI, PABHOBeCHbIe 
M10 OTHOWIeHHIO K JelicTBYIOU[MM HOPMaJIbHbIM HanpsaxKenusm (‘,°). BosHukume 
PpeUlMHbI Tem OplcTpee TePAIOT PABHOBCCHOCTh HM MPHBOAAT K XPyMKOMY CKOJYy 
|KpPUcTas1a, YM BbILLe YPOBCHb HOPMAJIbHbIX HaNPAXKeHHH HM YeM MEHbILY!O POUb 
jurpaloT Mpoleccbl OTAbIXa, T. €. MpPOMeccbl CAMONPOH3BOIbHOTO 3a1e4uHBaHHA 
leeCKTOB, BO3HHKAIOlAX MpH Jedopmattuu. Uem spile TeMnepatTypa, TeM HH- 
(TEHCHBHEE MIPOTeKAIOT MpPOlecchl OTALIXa H TEM BbILe OKASHIBACTCA MACTHYHOCTS 
iKPUCTaslla, T. €. TEM MeAIeHHee Pa3sBHBalOTCA TPeWMHbI paspylWieHuA, WocTurad 
OMaCHOl BeIMUHHbI JIA JaHHOrO YpOBHA HOPMAJIbHbIX HaNpPAXKeHHK JIMMIb Mocse 
I3HAUNTeIbHOH OcTaTOUHON WedopMalun. OueBuHO, 4TO TY Xe podb upH cuKcu- 
| POBaHHOM TemMepaType urpaeT CKOpocThb Ae*opMalluu: YeM OHA HHWXKe, TeM Ooviee 
|WIACTHYHBIM OKA3bIBAeTCA MOHOKPHCTAaI, H HaoOopor. 

_ Takum o6pa3om, 3apoxeHve HU Ppa3BUTHe TPelMHbI XPyNkoro paspylwleHuA 
(B MeTaJIJIM4eCKOM MOHOKPHCTae mpeqonpeyemeHo CaMuM Ipoleccom jedop- 
\MalluH, H XPyMKoe pa3pyllieHve BO3HHKaeT Ha Oovlee HJIM MeHee paHHel cTaquu 
MacTH4ecKkoro CABHrOOOpas0BaHUA B 3aBHCHMOCTH OT TeMMepaTypbl H pexkuma 
Webopmauuu (1%). Odpranple MOBePpXHOCTHO-aKTHBHble BelllecTBa THNa OpraHu- 
/4eCKUX CIMPTOB H KHCJIOT He MOFyT BJIMATb Ha Mpollecc oOOpa3s0BaHHd HW pasBHTHA 
‘TPellMH pa3spylleHuA, MpoTeKaloulu B OObeMe TBePAOro Tea, H MOSTOMY MaK- 
CHMAJIbHbIe ACOpOUMOHHbe SPeKTLI C STHMM BeLeCTBAMM HaOwOAaloTcA mpU 
JWIMTeJIbHOM BO3eHCTBHM OarONPHATHbIX HaNpAKeHHbIX COCTOAHHH — B Mmpo- 
weccax movisyuecTH, ycTamocTHolt HM AuTebHOH npoyHoctu (?,°,7%). 

- Waye o6crout elo C MOBeEPXHOCTHO-aKTHBHbIMH MeTaJJIMYeCKHMH paciia- 
BaMH, B Cpesle KOTOPbIX MpoBosUuTcA NecbopMalluA Oomee TyromaBKOrO MeTAaJI- 

JIM4ecKOrO MOHOKpuctTasa. ATOMBI pacniaBa MOryT IPpOHHKaTb BHYTPb Aedop- 
MMPyeMOro MOHOKPHCTaa B pesybTaTe HeperyApHoH Auppy3suu, ywepes BbI- 
XOJIbI JMcnoKaluli Ha GoKoBylo moBepxHocTb. Ecau ucioKalluH BCTpevaiorT 
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IIPeNnATCTBHE, NOCTATOYHO MpOUHoe AA TOTO YOO! OOpas0Basocb Mose aucac 
KallMOHHOe ALPO, TO ATOM! NOBEPXHOCTHO-aKTHBHOTO pacmiaBa, ObICTpO pat 
IpOCTPpaHAACh NO STOMY KaHasy, akcopOupyloTca Ha CTEHKAaX 3aPOABILICEb) 
TPellHH MH OOwlerualoT HX JasbHeHlee pasBHTHE B Pe3yJIbTaTe SHANHTEJIbHO! 
CHW2KeHHA padoTbL! OOpasoBaHHA HOBOM noBepxHocTH. B stux yclOBHAXx MOHC 
KPHCTaJI «MpexkeBPeMeHHO» XPyNKO PpaspyllaeTcCA MPH CPaBHHTeMbHO OUEH, 
HH3KHX HOPMAJIbHBIX HanpsxeHHAX (%,°,°). i 

Visn0x%KeHHad KapTHHa mpolleccoB edopMaluu WH Xpynkoro paspyllleHH. 
MeTAJIJIMYCCKHX MOHOKPHCTAJJIOB HW BJIMAHHA Ha 3TH MPOLeccbl NOBEPXHOCTHC 
AKTHBHBIX MeTA@JIJIMUCCKHX PaCcMwiaBOB MpHBOAHT K KOJIMYeECTBeEHHOH GopMy.JF 

poOBKe HOBOTO 3aKOHa XpynkKoro pas 
AL fom? PpyleHHA, OJMHAKOBO ClipaBeQJHBOr 
a Kak B OTCYTCTBHe, TaK M B MPHCy1 
CTBHH MOBe€pXHOCTHO-aKTHBHOH Cpe 
Apt (’,*). | 

Bnecte c TeM, 9Ta KaPTHHA N03BC 
JIMT IpaBHJIbHO OMeHHTb POJIb TEMME 
paTypbl HW pexkuma Jedbopmalluu Ka. 
(PH3HKO-MeX AHH YeCKHX (bakTOPOE 
OaONPHATCTBYIOWAX HH, Haobc 
poT, 3aATPYAHAIOWNX NpoABseHHe aj 
cop6unMoHHoro addekta oxpynueHu: 
HW CHH2K€HHA MPOUYHOCTH MeTAaJJINYE 
CKHX MOHOKpuHcTaJ0B. JleicTBUTeJE 
HO, acopOWHOHHBIH scbdbekT DehcTBu 
JI€rKONJAaBKOFO MeTaJJIHYeCKOTO pac 
mlaBa Jou2KeH HanOojee Apko mpc 
ABJATbCA B TOH OOacTH TemMnepaTy 
H cKopocteH AetopMallHH, B KOTOPO! 
HanOovlee NOJIHO OOeCMeyeHbI BO3MOX 
Puc. 1. se cela HCTHHHBIX PaspBIBHBIX  HOCTH Pa3BHTHA BHYTPCHHUX TPElLH 
see) eemperenenOro YRARNEHNE 0 yy yaxcunambHOll MePe OCaaONEHt 
raMHpoBaHHbIx (KpHBble 2H 4) MoHOKpucTavios CA4MOMPOHSBOJIBHBIE MpPOueccbl OTB: 
O0Ba (%) = 55°) oT Horapudma O6paTHoH cKo- Xa, TOPMO3ALHe OOPas0BaHHe H awk 

poctu Aedopmuporanua (V B %/MuH). HeHllee Pa3BHTHe PABHOBECHbIX TPE 

IWHH XPyNkOro pa3pylleHua. 

B cBx3M C STHM HaMH OblIO UCCeMOBaHO JelicTBHe PTyYTH Ha MOHOKPHCTas 
BecbMa 4NCTOrO os10Ba (99,999%). TIpu KomHaTHoli Temmepatype u HeConbUH. 
CKOpocTax JePopMal\uM NpucyTCTBHe TOHKOM MeHKH PTYTH Ha MOBePXHOCT! 
MOHOKPHCTaJIJIOB OJIOBAa COBePINeCHHO He CKa3bIBaeTCH Ha HX MeXA@HHUYeCKH: 
cpolicTBax. OfHako pTyTb no pay npHsHaKkos (°) Jom*KHa ObITh MOBEPXHOCTHC 
AKTHBHOH MO OTHOIIeHHIO K o0By. OrcyTcTEue schekTa MPH KOMHATHO Temme 
PpaType MOXHO ObWIO OObACHHTb TeM, YTO WIA ONOBa STA TeMNepaTypa OnH3K 
K TeMMepaType NaBJIeCHHA H HHTCHCHBHO PaSBHBAaWUIHeCA B STHX YCJIOBHAX UPC 
Heccbl CAMOSaJICUMBaHHA BOSHHKAIOWIMX LedeKTOB MPeNATCTBYIOT PocTy TPelln 
HbI axKe B NPHCYTCTBHM aXCOPOMHOHHEIX AaTOMOB PTYTH, 3HAUHTEIbHO CHHKAIC 
UlMX paOoTy OOpasoBaHUsA HOBO MoBepxHocTu. Tora, ecu STO cnpaBelHEC 
NOHWKEHHE TEMIepaTyPbI HIM BOSpacTaHHe CKOpOCcTH LecbopMalluu MpH KOMHAT 
HOH TemMepaType JomKHO cnoco6cTBOBaTb mposBmeHuIO scdbektTa JelicTBu: 
MOBEPXHOCTHO-aKTHBHOTO PTYTHOrO NOKPbITHA HA MOHOKPHCTamNax oO0Ba 
Ha puc. | npexcraBsenbi pesy/IbTaTbI ONbITOB NO PacTAXKeHHIO MOHOKpHCTaIIO 
O10Ba IPH KOMHATHOH TemMepatype KaK MOKPBbITbIX, TAK H He MOKPBITHIX TOHKO! 
MI€HKOH PTYTH (TOMMHO!W oKOO 5 LW) B WHPOKOM HHTepBauie cKopocteH Jeé 
cbopmauun oT 10?%/mun go 10°%/mun. 

Ophekr LelicrBuA PTYTH, KaK HM CMeMOBaNO O2%KNMaTb, NOABAAeTCA THIUID np) 
CPaBHUTeIbHO BbICOKHX CKOPOCTAX pacTaxKeHuA (oKoO 104%/muH) u Zane 
pacTeT BMecTe C pocTom cKOpocTH. 

TouHo Takoli xe pesybTaT NOyYeH HaMH TPH @HKCHPOBaHHOH cKopocn 
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fepeManan (7000%/muH), Ho mpu Ooee Hu3KUX TemnepaTypax (puc. 2). Uem 
yoke Opla BpIOpana TeMMepatypa, TEM CHIbHee NPOABAAICA aCopOMHOHHbIl 
(ePOKT CHHKCHHA MPOUHOCTH MW IMWIaCTHYHOCTH MOHOKPHCTAJIOB OJIOBa B MpH- 
NTCTBHH PTYTHOrO MOKpbITHA. OgHaKo acopOuMoHHbll apdekT Ha aMaJbra- 
j{POBAHHbIX MOHOKPHCTaaX OJOBa MOXKHO HaOMOLaTb JIMWIb MPH Temmepary- 
jx, OOCCMCYMBAIOWIMX NOABHXKHOCTb ATOMOB PTYTH, T. e. BbIllle TeMMepaTyPbI 3a- 
epeBaHHA PTYTHOFO NOKPBITHA. Xiah? 
pou TeMMepatypax HuxKe —39°, [a 
Werya aTOMbI PTYTH MaNONO]BWxK- 

hl, MeHcTBHe pTyTHOrO MOKpbHI- 5 
KA SHAYHTeIbHO ocmabmseTCA. 
| Takum o6pa30m, nowy4eHHble 4 
P3yJIbTAaTbI YKa3bIBalOT Ha BO3- | 
XKHOCTb MOJYYeHHA 3HAYUTeb- 
ia aCOpOWUMOHHbIx 9pbeKTOB 
MM2KCHHA MpPOYHOCTH HM MlacTu4y- 
|PCTH MeTAaJIOB B JIeTKONMAaBKUX / 
ACIWIaBaX JlaxKe B TeX CyuaHx, 
pra ip WaHHow Temmepartype u 


Sah 


6 
TS I SY A TP SE A 


1HHOM pexKuMe JepopMallun 3TOT J 
bdexT He oOHap yKuBaeTca. Or- Puc. 2. 3aBHcHMOCTb MUCTHHHbIX pa3pbIBHbIX 
ircTBHe abbekta B LaHHbIX ycu0- HalpsaAxkenuu (P) uw mnpexembuoro yqHHeHHA 
6 MO paspprpa (c) Wa yNcTHIX (KpuBBIe J Hu 3) u 
AX MOXKET ObITb CBA34HO HE C aMaJIbraMMpoOBaHHBIxX (KpHBbIe 2 u 4) MOHOKPH- 


WCYTCTBHeEM aflcopOWuOHHOH ak- CTaINOB O0Ba (yg= 55°) oT Temmepatyppt (¢° C) 
{BHOCTH pacmlaBa, a c Heyyau- 
P BbIOPaHHbIMH YCJIOBHAMH JedopMallun. KoneyuHo, 3TO He 3HauHT, YTO B~ppPeKT 
WKeHHA MPOYHOCTH MU MaCTHYHOCTH MOXeT ObITh NOMyYeH WA OOOH Mapbl 
TonmaBKuH MeTasI — jerkommaBKuH MeTaMuecKHH pacmaB. 
SaBHCHMOCTb BeHYHHbI SpdekTa OT TemMmepaTypbl HW pexkuMa JedopmMalluu 
OXKeT ObITb BHIABJI€HaA TOJIbKO B TOM CJIy4ae, Kora MerKONMAaBKHH MeTaJJI AB- 
€TCA MOBCPXHOCTHO-aKTHBHOH cpeoH MO OTHOWeHHIO K aHHOMy TyrolmlaB- 
omy Metaisay. [Ip 3ToMm HeoOxOoAMMOM YCJIOBMM BCerya MOXKHO OOHAPyKHTb 


| Bcsa3u c 3THM CuleAyeT yKa3aTb, UTO OOHapyxKeHHaag C, T. Kuuikuxbim u ero 
TpytHukamu (1°) 3aKOHOMePHOCTb Ha CTaJIAX C Pa3MUHbIM COMepxKaHHeM yT- 
lepofla, 3aKI04aIOuLasAcd B pocTe BeMYHHHI sexta LeHcTBUA MerKOMIABKOTO 
|acaBa C POCTOM MPOUHOCTH CTAaJIM, MOXKeT ObITh OObACHEHA C TeX Xe MO3H- 
duu. Uem serue crab, Tem mpH Oomee BLICOKMX CKOpocTAX Retopmaluu (mpH 
oH xe TemmepaType) CuleqyeT OKUAaATh MOABMCHHE 3HAYHTEJIbHbIX SPPeKTOB 


Mockoscknit rocyfapcTBeHHbIli YHHBepCHTeT Tloctynuuio 
um. M. B. JlomoHocosa 18 V 1959 


VWuctutyT du3snyeckoH XHMHH 
Akagemuu HaykK CCCP 


WMTHPOBAHHAA JIATEPATYPA 


lee N. F. Mott, Proc. Roy. Socs, A, 220, 1 (1953). 9% Bult J] wx 7M an, II) A. Pie; 
'uunep,l. B. Kapmeuxko, Bananne nopepXHocTHo-akTHBHOl cpesbl Ha Mpoweccs! Je- 
popMauu Metansos, M34. AH CCCP. 1954. 3 Tl. A.Pe6nuZep, Hoppe mpo61empl Ppusn- 
0-XUMUYeCKOl MexaHHKH, JloK. Ha MOCT. KOJIMOKBHYyMe MO TBepALIM (ba3aM MepeMeHHOTO Co- 
iTaBa copM. c Mock. KOAMOMZHbIM KomI0KBHyMOM 26 1 1956 r. ‘4 II. A. Pe Ou HZep, 
.W. Jiuxtmau, Jl. A. Kouaunosa, JAH, 111, Ne6(1956). ®© B.W. Iuxtman, 
M.A. Kouanosa, JI.C. Bptwxauosa, JAH, 120, Ne 4 (1958). ® B.H.Poxan- 
‘ku, H.B. Mepuos,E. 0. Ulykuun, N.A.Pe6untgep, HAH, 116, Ne 5 (1957). 
-B.Y. Jiuxtmaun, E. 0. Uy xuu, Yen. ous. nayk, 66, 213 (1958). ®°E. 0. Wy kun, 
_ UW. Juxtmaun, JAH, 124, Ne2(1959). 9 H.B. Mepuos,Il.A.Pe6uugzep, JAH, 
23, Ne 6 (1958). 12°C. T. Kamxkun, B. B. Huxoaeuxo,C. HW. Patuep, KT®, 
4, 8 (1954). 1B. UW. JIuxtMmaun, II. A. PeOunngep, J. Il. A nosa, HAH, 56, 
No 8 (1947). 1 E. 0. Uy xu, JAH, 118, Ne 6 (1958). 
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Jlokxnaynp AkayemMun Hayk CcccP 
1959. Tom 128, Ni 5 


PH3HYECKAA XHMHA 
Axanemuk A. H. ®PYMKHH, O. A. NETPMM un H. B. HAKOJIAEBA-®EJOPOBUY 


MEXAHH3M 3JIEKTPOBOCCTAHOBJIEHHA AHHOHA Fe(CN)o 
HA PTYTHOM KANEJIBHOM IJIEKTPOAE 


A. H. ®pymxun ul. M. ®nopuavosny (*) BeiBewH MmpHOmH2xKeHHOe ypaBHe 


| 
HH, KOTOPOe MO3BONMIO PaCCUHTATb KPHBbIe BOCCTAHOBJICHHA aHHOHa S,Og 
B IIPHCYTCTBUM Pa3/IMUHbIX KOHWeHTpalMi KCl B npenooKeHHH MeJeHHOCTI 
cTaqMH MPHCOeAHHEHHA 9/ICKTPOHOB aHHOHOM, OTTAJIKHBaCMbIM 3aPAXKCHHO! 


3— ; 
NoBepXHOcTbIO seKTposa. IIpu usyyenuu BoccraHoBueHua Fe(CN)s “Mu ObiIk 
NOJYYCHbI NOMAPH3aWHOHHbIe KPHBbIe, Ha KOTOPBIX, B OTJIMYHe OT Cy4YaA BOC 


cranopyieHus S,O%, He HaOmIoJlaiocb yBeMYeHHA CKOPOCcTH peaklMH Toc 
MHHHMYMA B OOVIACTH CHJIbHO OTPHLAaTeIbHBIX NoTeHWHaOB. IlocneqHee oOcTOs 
TeJIbCTBO HAaBOJMJIO Ha MbICJIb OO HHOH NpHpose MeVICHHOH CTayMH B cyy4at 


poccTaHoBuleHua Fe(CN)’ , Hampumep, O MeJJI€HHOM MpOHHKHOBeHHH aHHOHi 
B T0le JBOHHOTO CJIOA B COOTBETCTBHH Cc TeopHeh, pasBuToH B. I. Jlesuyen 
(7,3). B mocnenHee BpeMA Ob BbICKa3aHbl H Apyrue NpeAnosoKeHHA O MeXa 
a re BOCCTAHOBJICHHA AHHOHO! 

? Y 
B cBa3H C 9STHM HaMH Obi 
mpeqnpHHATO Oomee noLpobHos 
UCCJIeOBaHve Me€XaHH3Ma BOCCTAa 
HOBJIeHHA aHHoHa Fe(CN)3— ne 


PTYTHOM Kale€IbHOM 92IeKTpoye 
M3mMepeHua NPOBOANINCh B AYEHK 
M3 HeHcKoro cTekuia (°) Ha Kan 
aspe C  KOHCTaHTaMH m = 
== 1,25 mr/cek ut = 6,1 cexk. mpl 
o = —0,5 B. KpuBpie ucnpaBia 
JIMCb Ha TOKH 3apA2KeHHA, KOTO 
a4 06 08 0 12 14 16 78 20 22% pple onpesenaAnuch JA pacTBO 
cece pos 10-° N K;Fe(CN), c pasany 
Puc. 1. [lonapusamvonuple Kpupbie EoccTaHopne- HbIMH JOOAaBKaMH 0 H3MepeHHAD 
HuAg10-8N K3Fe (CN). B npucytcrBuu KCI B koH- B pacrBopax 10-°N K,Fe(CN), « 
weHTpamuax: 1—O, 2—5-10-4N, 8 —10-3N, 6 
4—15-40-°N, §—2-40-2N, '6—-3.40-3y, TCMM 2Ke KOHMeHTpaluamu 06a 
7—3-10-°N. a—noaapu3anuonnas Kpupaga soc. BOK, a Mia pacrBopop 107%A 
cTaHoByieHua 10-°N LisFe(CN)g Cs, Fe(CN). 1102 WV is Fe(CN) — 
B paCTBOpax C COOTBETCTBYIOULUM! 
KOHIeHTpalluamu CsCl uw LiCl. H 
BCeX PHCYHKaX MPHBeeHbI TOJIbKO Te YaCTH KPHBbIX, KOTOPbIe HE HCKaxKeHI 
AHOHEIM PacTBOPeHHeM PTYTH MH NOMAporpacbwyeckKHMH M@aKCHMYMaMH NepBor 
pona. Ilorentanpi ¢ JaHbI B BObTaX MPOTHB H.K. 9. 

1. AHuou Fe(CN)?~ B pactBope 10° N KsFe(CN). B npucytcrBun 3 -10-2/ 
KCI JaeT HopMasbHy!o nomApHsalMOHHy!0 KpuByto (puc. 1, 7). Benuunna npe 
MebHOTO TOKa CoBNajlaeT C 3HAYeCHHEM, PaCCUNTAHHBIM NO ypaBHeHulo MapKe 
Buua c D = 8,9 -10~° cm?/cex. pw ymMexbuuenuu o6mleli KOHWeHTpalun sek 
TPpOMTa Ha KPHBOH BOCCTaHOBMeHHA Fe(CN)3- 8 o6nacTH noTeHimana Hye 
Boro 3apAa NOABAAIOTCA cnaqbl ToKa (puc. 1, /—6). pu » = —1,2 To: 
JOCTHTA€T MHHHMAJIbHOTO 3HaYeHHA M 3aT€M MOUTH He MeHAeTCA C NOTeHIMAJION 
BeJlM4HHa MHHMMAJIbHOrO TOKa He 3aBHCHT OT BBICOTHI PTYTHOFO cTos6a,uTO yka 
3bIBAeT Ha efO KHHETHYeECKYWO Npuposy. Cnadbl TOoKa c aHasIOrMuHBIM nocueE 
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| YIOULMM XOMOM KPHBbIX HaOvllomarores B pactBopax 2:10-§ N w 3-103 N 


’ 


‘| qo6apkamu LiCl mpu norex- 
\Manax oTpuHilaTembHee — 2,0 
aOslioaeTcaA BOSpacTaHHe TOKAa 
: MOTCHWHAJIOM. 

2. Jia ompeyesenuac 3aBHCcH- 
OCTH CKOPpOCTH BOCCTaHOBJIe- 
ua Fe(CN)8— of noreHuvasma 


OJIAPH3allMOHHbIe KPHBbIe ObI- 
WM MCIpaBJIeHbl Ha KOHIeHTpa- 
[tMOHHYIO §=6OJIApH3alHIO =o 
\paBHeHHI0 TOUHOM TeOPHH KOH- 
|leHTpalHOHHOH novApHsallun 
Id peakWMu TepBoro nopsyKa 
a KalleJIbHOM 93uekTpoye Meli- 
aHa — Barouxoro (°). Pacuer 
OKa3bIBaeT, YTO CKOPOCTb BOC- 
taHopmeHua Fe(CN)~ nocue 
hocTHKeHHA MHHHMyMa C aJib- 
4eHIIMM YBeJIHYeHHeM MOJAPH- 
i BospactraeT Ha 30 —40% 


. es” 


f 


‘K,Fe(CN),, a Takxxe B pactBopax 10-8 NCssFe(CN),* u 107° LisFe(CN), c qo- 
}aBKamu cooTsetcTBeHHO CsCl un LiCl. B pacrpopax 10-°NLi;Fe(CN), (puc. 1) 


L105a/cM? 
45 


a = 
G5 G8 1 12 ie 46 16 206 G8 10 12 “i 18 20 226 


Puce. 2. SaBucumocTb CKOpocTH BoccTaHOBjIeHHA 
Fe (CNY OT moTeHunaia. A—B _  pacTBopax 
10-8N KgFe(CN)¢ B npucytcTsun KCI 8B KontleHTpa- 
muax: J —O, 2—5-10-4N, 8 —10-3 N, 4—1,5-10-3N; 
5 — 8 pactsopax 10-3 N LisFe (CN)¢B npucytcTBuu 
LiCl B Konnentpaunax: J—O0, 2—2-10-°3N, 3— 


‘puc. 2). OrcyrcTBue mojbema 
Ha 3KCMepHMeHTaJIbHbIxX 
BOCCTAHOBJICHHA 


i wuilla hl nebo AG tbla hire Zhe 


=e. 
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JPuc. 3. Tlonapw3auMonHble KPHBbIe BOCCTAHOBJIe- 
una 10-3N KzFe (CN)s B upucytcrsun KCI (a) 
Au K,Fe (CN). (6) 8 KoHWeHTpauuax: 1—O0, 2— 
M10-3V, 3 —1,5-10-38N, 4— 2-10-38 N, 5—3-10-°N, 
6 — 10-1N 


KCl x CsCl spospacraeT B 7 pas. 


Wot B (*). 


3-10-8N. Tlyuxtup — xpusuie, 


paccuMTaHHble 110 
*ypapHenuw (1) 


. = 3-— 
e(CN)s pH CHIbHO OTPHUaTebHbIX NOTeHIHanax OObACHAeCTCA TeM, UTO 
eKOPOCTb BOCCTAHOBJICHHA STOFO AHMOHA JMU, MefeHHO BOSpacTaeT C POCTOM 


KaTOJHOrO NoTeHWMala, a nepHor 
KallaHHa, a CJI@OBaTeJIbHO, Hi M10" 
Wlalb KallJIH, KOTOpOH NponoplHoe 
HaJIeH KHHeETHYeCCKHH TOK, 3aMeT- 
HO yOBIBaIOT C YBeEJIMUeCHHEM OTPH- 
WaTesIbHOrO 3apsfla NOBepXHOcTH. 
3. M3mepenua B pactsopax 10° N 
K3Fe (CN), 10°? N CssFe-(CN), 
uo 10°°NLisFe(CN), c  pa3- 
JMYHBIMH OOaBKaMH = COOTBeT- 
cTBeHHo KCl, CsCl u LiCl noxas3pi- 
BalOT, UTO CKOPOCTb BOCCTaHOB- 


jenna Fe(CN)§ Bo Bcex cryyaax 
MpOMOpivOHabHa KOHMeHTpallvn 
MOCTOPOHHero KaTHOHA C B cTeneHH 
3,0—3,2. IIpu BoccraHoBsjeHuu 


S.O; B mpucyrerBu KCl u CsCl 
moKasaTeib cremeHu mpH C aaa 
3aBHCHMOCTH CKOPOCTH peakI{HH OT 
C usmeusetca oT 1,3 npu p=—0,75 
no 2,0 npx p= —1,35. 

4. CkopocTb BOCCTaHOBJIeHHg 


Fe (CN)3~ ypemmuupaetca B 4 pa3a mp 3ameHe K* Ha paBHYt0 KOHIJeHTpalluio 
2— 
Cst. B cayyae BoccTaHoBeHHAS ,O; CKOpOCTb peaKHH MpH Mepexofsle oT 


* Csg3Fe(-N)g u LisFe(CN)¢ ObluiH CHHTe3HpOBaHbI U3 KsFe(CN) mo MeToauKe, ONHCaH- 
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3—- 
5. TemmepatypHbtit KosppullvexT peaKUHH BOCCTAaHOBJICHHA Fe(CN), uMeeT 


OMOKUTebHOe SHAIeHHe H 3ABHCHT, Kak HB catyuae S,O3 (°,°), OT MpHpOmbl Ka- 
TvoHa (poua. B untepBavle Temmepatyp or U fo 30° ckopocTh peak yeesiaiy 
Baetcs Ha 10% B pacrBope 10 °N 
Cs3Fe (CN), + 10° N CsCl, Ha 20% 
B pactsope 10°°N Ks3Fe(CN). + 
1,5-10°? N KCl u B2 pasa B pacTBope 
10-3 N LisFe (CN), + 3-10 N LiCl. 

6. IIpu orpuuatTebHbix 3apAax 
MOBepXHOCTH  yBeIHYeHHe 3apxya 


aHHOHOB (boua B pany Cl” < SO; < 
< Fe(CN)g mpHBoquT Kk YMeHDbIIIe- 


HHIO  CKOpOCTH BOCCTAHOBJICHHA 
o es i o— 
Fe (CN uc. 3) u SO B TO 
a a ar a a a aT ag (CN) ste y any copena 
; Lp ts BpeMA KaK cMewudpuyecku aycop 


Puc. 4. Tlomapu3aiMoHHble KpHBbIe BOCCTaHOB- PYlOulsae ereakneaepuntie sae tet ei ec a 
geHua 10-°NK3Fe(CN)g 8B mpHcyTcTBHH <Br'<J>) mpu Tex 2%e MoTeHIMa- 
{(CsHis)4N] Br B konnentpaunax: /—0, 2— JlaX YBeJIMUHBaIOT CKOPOCTb BOCCTa- 
ee tn Oy Sisko ty SiNeae TT 5— yopmenus S,O2~ (2°) wu He OKa3bIBaIoT 
‘ ; BJIMAHUA Ha CKOPOCTb BOCCTaHOBJIe- 

Hua Fe (CN)e_. 

7. OpraHuyeckue xKaTvoHpt ([(CH;)sN]*, [(CHs)sN]+, [(CsH,)sN I+, 
[(C5H,,)aN]+ u [(C3;Hy3)4N]+ yBeauu4nBator cKopoctTb BoccTaHoBeHua Fe(CN)* 
BO BCeH OONaCTH MOTeHWMAIOB UX alcopOuuu. DpdpekTHBHOcTb AeHcTBHA KaTHO- 
HOB BO3pacTaeT C YBeJIMYCHHEM HX KOHUeHTPalluu UW AIHHbI yraepoqHOoH Wenn. 
B cayyae Jo6aBoK [(C;H,,),N]+ o6Hapy2xxeHo ycueHHe BAMAHHA OPraHH4ecKo- 
rO KaTHOHA Ha CKOpocTb BoccTaHoBseHua Fe(CN)? B o6acTH CHIbHO OTPHIa- 
TCJIbHEIX MOTCHIMAaIOB, KaK 3TO yxKe HaOMIORaIocb HAMM paHee MPH BOCCTAHOB- 
genuu S,0; 8B npucytcrsun [(C;H,,),N]+ wu [(CgHy3),N]*+ (#4). Sto ssnenue 
MO2%KHO OODACHHTb Ha OCHOBAHHH MpelnomoxKeHuA O ResopMalluu opranuyecKux 
KaTHOHOB IIPH BbICOKHX OTPHWaTeJIbHBIX 3apAylaX MOBePXHOCTH, UpHBOLAMeH 
K H3MCHEHHIO COOTHOLICHHA MK Ay MOMOKeHHEM WeHTPa AKTHBHPOBaHHOTO KOM- 
MeKkca PaspA*KawulerocA aHHOHA WH MOJIOMKUTEMLH‘IM 3aPAOM KaTHOHA (7%). 

Ha ocHoBaHHH COBOKYMHOCTH MOJIyYeHHbIX 3SKCMCPHMEHTAJIbHbIX Pe3YJIb- 
TaTOB H Pa3/IMYHbIX MPeVIOXHKeHHEIX B HACTOALMLee BPEMA CXEM 3JIEKTPOBOCCTAa- 
HOBJICHHA AHHOHOB (,”,4) MOXHO CHeaTb BBIBOA, YTO MCXAHH3M BOCCTaHOBJICHHA 


a7 Li 
Fe(CN)s; He oOTaM¥aeTCH MPHHUMMHaIbHO OT MeXaHH3Ma BOCCTaHOBJIeHHA 
e ~ 
S,O; 4 4TO CKOpocTb BoccTaHoBmeHua Fe(CN)3 onpemenserca 3aMe]IeHHbIM 


NIPHCOeAMHEHHeM 9JIEKTPOHA K YacTue Fe(CN)} B61u3u NOBepXHOCTH 31eKTPosa. 
Mcxoqa 43 9Toro mpeqnoo%KeHuA, Hamu Obi MpoBeweH pacueT KPHBEIX BOC- 


a 
cTaHoBeHuaA Fe(CN)s mooOHo Tomy, Kak STO Oplm0 CHemaHo WA culy4ad BOC- 


cTaHoBuleHua S,O; (1), c TeM, OHAaKO, OTIHUHeM, 4TO yueT KOHIWCHTPalluOHHOH 
NOJIAPU3aWHUH MpOM3BOAMICA He MO MpHOMKeHHOH topmysle, a cormacHo Teo- 
pau Metmana — Barouxoro (°). BenuunuHa a onpeyenamacb mo Bocxoxamel 
YacTH KPHBbIX H OKa3aJlacb paBHou 0,16. Kak BugHo u3 puc. 2, TeopernyecKue 
KPHBbI€, PaCCUHTaHHble MO YpaBHeHHtO 

i= hCaexp $7(—¢ + 4*4), (1) 
rye Ca — oObeMHaH KOHUeHTpallua aHHOHoB, k — KoHCcTAaHTA, paBHaa B JjaH- 
Hom cyyae 1,25-10'? a-cm/moub, Mepeqator oOuLy!0 PopMy OMBITHBIX KPHBBIX. 
OHako MexKAy HAMM HaOsOLaloTcA MH pacxo*KJenua, AOCTuraollue B OGNAaCTH 
noTeHiuanoB oT — 1,2 fo —2,2 20%. Ecan yuutsipatb morapucbmuyeckyo 
3aBHCHMOCTb ‘pj-MOTeHWMaa OT KOHIWeCHTPalMH 9TeKTPOMMTa Np ocTaToUHO 
OTPHIaTeJIbHbIX NOTeHIMalax, TO H3 ypaBHenus (1) cefyeT, YTO CKOpOCTb Boc- 
CTaHOBJICHHA TPeX3aPARHOTO aHHOHA AOJMKHA BO3PacTaTh MpONopuoHabHO 
4008 


»HILCHTPalMH OMHO3apAAHOrO KaTHOHAa doHa B cTeneHH 3 + @ HW aHaOrMyHO 
(OpOCTb BOCCTAHOBJICHHA AByX3apAQHOrO aHHOHa — B cTeneHH 2-+ a, uTO 
pHOMKeEHHO NOATBEpKaercA Ha onbiTe. OHaKO Taka Xe 3aBHCHMOCTh CKO- 
CTH peaKWHH OT KOHIWeHTPalMH KaTHOHOB MOXKeT ObITb BHIBeLeHA UH U3 APyrux 
‘eM BOCCTAHOBJICHHA. 

Xora ypapuenne (1) 4 BbIpaxkaerT MpHOJIMKeHHO 3ABHCHMOCTb CKOPOCTH peak- 
fi OT NOTeHIHala SIeEKTpOa H KOHUeHTpalluu cova, exKalllad B OCHOBe ero 
i HyXlaeTcA B CYWIeECTBeEHHOM HCIpaBsIeHHH, TaK KaK OHA He MOSBOJIAeT 
PBACHHTb HaOIOCHHbIe 3HAYeHUA TeMMepaTyPHbIX KOSPPuUMeHTOB peakUnu 
ie 3aBHCHMOCTb OT pafMyca KaTHOHA, Ha YTO yKe yKasbIBaocb pauee (°,°). 
IBOX ypaBHeHua (1) mpeqnomaraer, 4TO tpy-NOTeHWMa He H3MeHAeTCA BAOUIb 
PBEPXHOCTH SJIEKTPOa; B 3TOM Cy4ae, OMHAKO, Kak MOKa3bIBaeT pacuer nO 
te te Jlepuya (°), CKOpocTb IpOHHKHOBeHHA Tpex- HM AByX3apsaAHOrO aHMOHa 
3JIEKTPHYeECKOe NOJIe OTPHMATeIbHO 3aPAXKeHHOFO YeEKTPOAa Opa Obl upH 
CCMATPHBaeMbIX NOTeCHI[Ma/IaX Ha MHOTO IOPAAKOB MeHblle HaOJIOeHHBIX CKO- 
ocreli peakuuu. Bpixoy “3 9Toro MPOTHBOPeYHA 3aKsOUaeTCA B yyeTe HepaBHO- 
PPHOCTH pacmpeseeHHA NOTeHWMaIa B ABOHHOM CJI0e HIM, YTO CBOAUTCA K TO- 
2%Ke, BSAMMOJCHCTBHA AHHOHA C OH3IeKALLMMH KATHOHOM (HIM KaTHOHAaMnH). 


DT (pakT, UTO HOH Fe(CN)% , He oO alarollui 3HauHTebHOH Cheluduyeckol al- 
ppOup yemocTb10, OKa3bIBaeT BJIMAHMe Ha CKOPOCTb Mpollecca MPH CTOb OTPH- 
ATCJIbHDIX NOTCHUHaaX, TAKXKe He MOXKET ObITb OOBACHEH, ECM He Mpesnowo- 
{4Tb, YTO B HEKOTOPBIX TOUKAX Ha He CAMLIKOM OOJIbLIMX PaCCTOAHUAX OT CHJIb- 
p OTPHWaTesbHO 3apAXKeHHOH MOBePXHOCTH 3MeEKTPOAa Wp \-MOTeHUMa MOKET 
pYHUMAaTb OM3KOe K HYJIO WIM axe NomoKUTeMbHOe 3HayeHne. JIA TOrO YTO- 
$l y4eCTb POJIb KATHOHOB B Mpollecce BOCCTAHOBJICHHA AHHOHOB, MOXHO OpIIO 
bl, cmeqya Tupcry (*), coxpaHan Kmaccuyecky!0 KapTHHY CTpoeHHA ABOWHOTO 
(OA, IPeEANOMOXRKUTb, YTO BOCCTAHOBJCHHIO NOABeprawoTcA MOHHbIe Mapbl TuMAa 


jeFe(CN,)? uu Me,Fe(CN)., o6pasyrouqueca B OObeme pacTBopa, Hanpumep, 
—p peakWHH: 


Me*-+ Fe (CN)?~ = MeFe (CN)3~ 


ilHako IPH paBHOMepHOM pacmpeleneHHH MOTeHIMaIa BHIYHCIeHHad CKOPOCTb 
DOHMKHOBCHUA TBYX3aPAQHOTO AHMOHA OKA3bIBaeTCA CIHINKOM MaJIOH; B CJly- 
he OJHO3apAAHOrO aHHOHAa WIA OObACHCHHA NOABJICHHA MHHAMYyMa Ha KPHBOL 
IBMCHMOCTH CKOPOCTH OT NOTeHI Mala CELOBaO Obl AONYCTHTb HempaBJonojLo0- 
Masloe 3HaueHHe o& (~0,05). Kpome Toro, TosluHa peaKUMOHHOPO CJIOA peak- 

u (°), m0- BUMMOMY, OJDKHa ObITb OUCHb Mala WH He MpeBbllllaTh TOMUMHY 
i —— ABOHOrO COA, ITO BOSBPalllaeT Hac K MpeCTaBEHHIO O PelllalouleM 
HaueHuu B3aMMOfelHCTBHA AHHOHA C KATHOHAMH B JBOMHOM cy0e, a He B OObEME 
cTBopa. 


MockoBcKHM TocyapcTBeHHbIM yHHBepCuTer Tlocrynusto 
um. M. B. Jlomonocosa 28 VII 1959 
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XHMHYECKAA TEXHOJIOTHA 


10. C. 3ACJIABCKHH. TF. H. WOP u P. H. IIHEEPOBA 


MEXAHH3M PA3PYWEHHA SALIMTHbIX TJIEHOK, 
OBPASYEMbIX AHTHKOPPO3HOHHbIMH MPHCAAKAMH 


(I1pedcmaeaexo akademuxom B. H. Juxywunom 18 V 1959) 


SaulutTa BKIaplelH NOAUWMMNHAKOB JBuraTemeH BHYTPeHHero CropaHHA O- 
KOPpO3HM MOA, BO3eHCTBHEM MPOLYKTOB OKHCJICHHA CMA3OUHOTO MaCyla HW CTO 
paHuA ToMIMBa OOecneuHBaeTCA BBeJCHHEM B MaCJia AHTHKOPPO3SHOHHBIX MIpuca 
OK, OOpasy!olluX 3alllWTHbIe MWI€HKH Ha MOBepXHOCTH MeTas0B. BansaHH 
Pa3IM4HBIX PaKTOPOB Ha Mpolleccbl OOpas0BaHuA MIeHOK JOCTATOYHO H3yYeHO 
a B nocieqHee BPeMA HaMM yCTaHOBeHa HW MpHpoa STHX MJICHOK C MOMOLIbE 
MeToja MeyeHBIxX aTomos (1). He Oni, OHAKO, H3yYYeH MeXAHH3M XHMHYECKOT* 
pa3pyWIeHHA SAaLMTHbIX MICHOK, JIMMHTHPylollero cCpoKH paOoTocnocoOHOCcT! 
IIpHcaAkKW pH UMCHOb30BaHHH Maca B ABuratene. Ja u3yyYeHHA STOTO Me 
XaHH3Ma OblJIM MpOBeeHbI OMbITHI Ha armapate IJuHKepuya (TOCT 5162-49), mpi 
KOTOPbIX C MOMOLIbIO paHee paspaOoTaHHOM pazuMomerpuyeckoH MeToquKH (7 
ObIIO HCCIeEHOBaHO OOpas0BaHHe M PaspYlleHHe MIeCHOK Ha MOBEPXHOCTH CBHHMA 

IlnacTHHkKH ToMeljaucb B Macjio MT-16, B KoTopoe B OZHOM cyly4ae Ob 
BBeqeHo 2,8% Tudenuicyb@uga, MeyenHoro S** y C!4, y 0,066% creapHHOBo! 
KHCJIOTHI, a B APyroM Cj1yyae — Takoe %Ke KOJIMYeECTBO HeMeveHOH NpUucagk! 
u 0,05% TpufekaHOBoH KHCMOTHI, MeueHHoH C4. Ha puc. | noKa3aHbl pesyJb 
TAaTbI STHX OMITOB MpH TemnepaType Maca 140°. BugHo, uTO HMeeT MECTO CHH 
XPOHHOCTb B OOPa30BaHHH HW Pa3spyWIeCHHH MIeHOK, CO3J,aBaeMbIX MPHCaKo: 
HM KHCJIOTOH Ha MOBePXHOCTH CBHHIWa, MPHYeM CHaYasa MIeHKa H3 KUCJIOTHI pag 
pyllaeTcAH CHHXPOHHO Cc MveHKOH, HaOmIOJaemoH no u3smyueHuIo C14, a gare! 
CHHXPOHHO C MWI€HKOH, HaOwioJaemou No u3syueHuto S*°, MoxkxHo npeqnouaratE 
UTO CHHXPOHHOCTb yxOJja C NOBEPXHOCTH CBHHLWa KHCJIOTHI MW paduKaJIOB MIpucadK 
CBA3aHa C TEM, YTO KHMCJIOTA, BCJIEACTBHE NOJIAPHOCTH, COJIbBAaTHPyeT KOMMVIEK 
IIPHCaXKH C METAJIJIOM HM IPH STOM H3-3a OoOIbieH MPOUHOCTH CBA3H Cepbi C ME 
TaJIJIOM, UCM C PauKaaMH, OTPbIBAaeT NocTeqHHe HM yXOJMT BMeCTe C HAMM 
MOBepXHOCTH. 

CHHXPOHHCCTb yxoJja NIeHKH, OOpas0BaHHol KucOoTOH, H meHKH, HaOIK 
Haemol MO W3JlyYeHHIO Cepbl, NO-BHAMMOMY, CBA3aHa C XHMHYCCKHM B3auMO/ ek 
CTBH€M KHCJIOTLI C CYJIb(HAOM CBHHIWa (OOpas0BaBlIMMCA Moce paspylweHH 
KOMIJIeKCa IPpHCaKu C METAJIJIOM) C OOpa30BaHHeM COJIM CBHHIa, pacTBOPHMO 
B Macule. Bonee HHTeHCHBHOe B3aNMOLeHCTBHe OPraHHYeCKUX KUCOT C CysbOI 
7aMH METAJIJIOB, YM C HX OKHCJIAMH, OTMeYeHO B JHTepaTtype (°). C sTuM cBa3a 
oTMeuaBluMica Hamu paHee (7,4) nomHBI yxod Cepbl c MOBeEpXHOCTH CBUHIMa. 

Hrak, B oOllem Buse peakUHH, MpOuCXOAAlMe Ha NOBEPXHOCTUH CBUHLA Mp 
oOpasoBaHwM M PasPyIeHHH 3aIMTHBIX MeHOK, Co3aBaeMbIX Cepycosepxé 


Bt: AaHTHKOPPO3SMOHHBIMH NIpHCaKamu, MOryT ObiTb H300paxKeHb! Ce yIOW 
oOpa3om: 


Pb +{SRz— PbSR», 
PbSR. — PbS + Re, 
PbS -+ 2'RCOOH!->Pb (COOR)s'-+ HS. 


CuHXPOHHOCTb yxolla C NOBeEpXHOCTH CBMHIWa KUCJIOTHI U palukasioB npucayy 
HaOs0Jjalach TAK%KE WH B ONbITAX c doccbopcosep2xamelt npucanKon. Ha puce. 
MPHBECHE! Pe3yIbTAThI ONbITOB Ha Macsle MT-16 c 0,5% tpucenundocdura, M 
ueHHoro no C™, y 0,066% creapnHoBoli KHCJOTEI H Ha TOM 2Ke Macne c 0,05: 
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pwyleKaHoBoll KucoTH, MeveHHol CM, nu 0,5% HemedeHOro Tpudenuscpocduta. 
bmneparypa macsia 185°. Kak BuHO u3 puc.2,HMeeT MECTO CHHXPOHHOCTb B yXOAe 
\NMOBepXHOCTH CBUHLMa PaluKaJOB MPHCAaAKU H WIeHKH, oOpas0BaHHOW KMCOTOH. 
| B ormuune OT ONbITOB Cc CepHUCTON mpucaqKoH, B OMbITAaX C cbocdopcoxep2Kka- 
eli mpucagKoli HaGMoJaica NOMI ul OMHOBPeMeHHbIN yXOX MWICHKH M0 KHCJIO- 
b w payukasioB MpHcayku. Taxoll NouHbIi H OHOBPeMeHHBIK yxXOJ, MO-BuAM- 


mefem? 


HU 


yenepoba, cbasannoz0 6 Eensononoix koneyax 
mpupenunpocpama, wa nobepxnocmu Chu. 


Kutchomol Ut 


ou 


Nonurecmbo mpuberanob 


¢ 8 t 6 2 4 & 8 3 W 44 Bua. 


MpodonmumenbHocis Oneina ————»— 2 4@ 6 8 0 te Khva| 


/POOODUHUIMNEN BOC OMbITIA ——s- 


ic. 1. O6pasopanne u paspyWeHHe Ha MoBepxHocTH Puc. 2. O6pasopanne u paspylmenue 
HHIa WWIeHOK, OOpa30BaHHbIX TIpHcayqkonw WMpeHH- Ha MOBePXHOCTH CBHHIa MeHOK, Co- 
jabba, MeueHHoro S* (/) u C14 (2) unm TpuseKa- 3faBaeMbIX NpHcayqKo TpudeHusdoc- 
)BOH KHCMOTOH, MeyeHHoOH C1* (3). Macno MT-16, uta, MeyenHoro C!4, uw TpHyeKaHo- 
Temmepatypa 140° BOH KHCIOTOH, MeyeHHol C!4. Macao 
MT-16, temnepatypa 185° 


Spas ylouuMcaA Npu paspyWleHHN KOMMVIeKCa NpHCaqKH C MeTAJJIOM B PesyJIb- 


pTe COJIbBaTallun. 
BeposTHo, 9TuM 4 OObACHHAeTCA HaOIOqaBlueecA Hamu (*) AHTebHOe Coxpa- 


| Takum o6pa30M, NPHMeHeHHe MeYeHOH OpraHHyeCKOH KUCJIOTHI B CO“eTaHHH 
impucaykoli, MeyeHHOH mo cepe uu docdopy Mu pasukaJly, BNepBbIe NOSBOMKO 
sBYYHTb Me€XAHH3M Pa3PYIIeCHHA 3al[MTHbIX MJIEHOK, OOpasyeMbIX AHTHKOPpo- 
\HOHHDIMA pHucayKaMH K MaCJIaM. 


| BcecowsHbii Hay4Ho-vCcJeqOBaTebCKMH MHCTATYT Toctynua0 
b mepepaOoTKH HepTH HW rasa HW NOMyyeHHIO HCKYyCCTBeHHOrO 18 V 1959 
| XKHAKOPO TOMIABA 


WMTHUPOBAHHAS JIATEPATYPA 


110.C.3acaanckuil,T. U. "op, P.fH. I ueeposa, Jlok.copetck. yueHbIxX Ha 

oli MexxyHaposH. Kon*ep. NO MAPHOMY, HCNOb3OBaHHIO ATOMHOH SHEprHn BT. )KeHeBe 1958, 

M., 1959, crp. 148. 2 10.C.3acmaapexkul,C.9.K peu uu ap., XuM. u TexHOu. TO- 

Mapa, Ne 4, 37 (1956). °* E.H. L’oeser, S. B. Twiss, Lubricat. Engng., 14 (8), 243 

058). *410.C. 3acnaspckul, C. 9. Kpeitu u ap., Maumuoctpoenne u 1 pH6opo-- 
tpoenne, M3n. AH CCCP, 1958, erp. 61. 
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XHMHIECKAA TEXHOJOLHS 


JI A. ®EMPHH x H. B. JABAOBCKAS 


O HAYUHbIX OCHOBAX H3POTOBJIEHHA 
KOJIJIOHAHO-TPA®HTOBbIX CMA30K 


(ITpedcmaeaeno axademuxom II. A. PeOundepom 22 V 1959) 


KouJIoHAHO - rpadbuToBble MpemapaTbl HaxoAAT Bce OovIbilee MPHMeHeHH! 
B MPOMBILILICHHOCTH B KaY¥eCTBe %KapOcTOHKHX cMa30K. B Wenom pxze cilyyael 
IIPHMeHeHHA PpadHTOBbIX CMa30K, mpeKJe Bcero AVIA TopAYerO BOMOYeEHHA MPO 
BOJIOK H3 TYFOMIaBKHX MeTaJIJIOB, HeEOOXOJUMO, 4TOObI TpapuToBaA CyCMeH3u: 
oOmaqala JocTaTouxolt arperaTHBHOH yCTOMUYMBOCTbIO YaCTHM WH YTOObI pasMept 
yacTHl rpacduta Opium nopayKa | uw u MeHee. Ilostomy mpoOsema H3ProTOBJIeHH: 
TaKHX %XapOcTOHKHX TpaduTOBblIX CMa30K OObIUHO CBOAMTCA K TOHYAMIIeM 
JucneprMpoBaHHlo rpaduTa wu MouyyeHHIO arperaTHBHO-yCTOHMYMBBIX KOI 
JIOMAHO-rpapuToBbIxX lWpemapaToB, CcoepxallHX MHHMMaJIbHOe  KOJIMYeCTB 
BPeHbIX [pHMeceH, KkOTOpble YyXyfMWlalioT  aAHTH@PHKUMOHHbIe CBOHCTB 
mpenapara. 

[IpeqoxeHHbIe TEXHOJOTHYeCKHe CX€Mbl NOJYYCHHA Pa3JIMUHbIX KOJWJIOND 
HO-rpa*uToBbix mpenapatos (1 °) ABAAIOTCH MOCTaTOUHO COXKHbIMH HU TPyAoen 
KHMH, CoJlepxKaT B ceOe MHOro ONnepalluH Uu, riaBHoe, He OOecne4MBaloT Op 
93TOM BbICOKOH CMa304HOM CNOCOOHOCTH KOJIWIOMAHO-rpapuTOBbIxX MpemapaTor 
Oru HeLocTaTKH OObACHAIOTCA TeM, YTO MPH CO3aHHM TeXHOMOTMYeCKHX Cxe 
HeOcTaTOYHO OOpalljaiocb BHHMaHHA Ha yCJIOBHA AucneprupoBaHua rpacpure 
Ha BJIMAHHE BHeLIHeM Cpebl H Ha H3MeCHeEHHe CTPYKTYPbI KPHCTaIMMYeCcKON pe 
meTKH rpadutTa B mpollecce AucneprupoBanua. Mccneqopanua Il. A. Pe6unzep 
M ero wkowb (*,°) B oOmacTH MHOorooOpa3sHoro BJIMAHHMA alcopOlun 4 
JeopMalvoHHbIe MW MpOUHOCTHbIe CBOHCTBa TBePAbIX Tel MO3BOuMIM Mm 
HOBOMy MOJOHTH K MmpoOseMe NOyYeHHA  BbICOKOKaYeCTBEHHBIX TrpacpuTe 
BbIX CMa30K. 

IIpu Tonuatimem JucneprupoBanuu rpaduta c WesbIo MOMyYeHHA 2Kapocrol 
KMX CMA30K BCTpeyaeTcA pA TpyfHocteH. M3menbuenue rpaduta B Bakyy» 
(JIM B CyYXOM BO3JLYXe€) IPOTeKaeT BeECbMa HHTCHCHBHO HM MO3BOVIAeT B KOPOTK( 
BPe€MA AOCTHIHYTb HeOOXOLUMOH AIA KOJJIOMLHO-rpauTOBbIX MpenapaToB BE 
cokol AucnepcHocry (°). OfHaKo B Mpollecce TaKOTO H3ME/IbUCHHA PasBUBaIOTC 
MCKa%KeHUA KPHCTAIMYeCKOH pelleTKH Fpaduta, B MpeebHOM cyyae Tox 
AMune LO NOMHOM MOTePH a3HMYTaIbHOH KOppeALMH TpapuTHbIX CeTOK Mex] 
coboH (*). Iro oOcTosATeMbCTBO 3HAYHTeIbHO yXyMWlaeT CMa304UHbIe CBOLCT 
rpapura. Bropbim HefocraTKOM Cyxoro U3Mesb¥YeHHA TpaduTa sABAAeTC 
HeOOXOZMMOCTb BBeeHHA O4eHb GCosbUIOrO KOMMUeCTBAa TOBePXHOCTH 
AKTMBHbIX BellecTB WIA cTaOususalluun cycneH3uu — Jo 50% no oTHOIeHH 
K rpadury (‘). IIpu strom pce xe cTaOusM3alluA, KAK MpaBUO, He ABMAETC 
yCTOHYHBOH. 

C Apyro cropoubi, AucneprupoBanue rpadura B *KuAKOLi cpeze He 103B 
ACT MOMYYUTh AOCTATOYHO BbICOKOAMCNEPCHbIX MpenapaTOB, HeEOOXOAUMBbIX Jl 
mpakTuku. Kpome Toro, BO MHoro pa3 No cpaBHeHuto c AucneprupoBaHHeM 
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aKYYMe BO3PacTaeT 3arpaA3HeHHe rpaduTOBoH cycneH3Hu MpodyKTaMU u3HOCa 
(CJNOWMX Te] H NOMOJIbHOH KaMepbl, YTO HeZomycTuMo WIA cMasKH. Bmecre 
‘-TeM JHcneprHpoBaHhve B KuAKOM cpee uMeeT HU PA MpenmylilecTB. OcHOBHbIM 
PeHMYLICCTBOM ABJIH€TCA OTCYTCTBHE 3AMCTHBIX HCKaKeHHH KPUCTaIM4eCKOl 
jelUeTKH B YaCTHUAaX pada, KOTOPble COXPaHAIOT APKO BbIparKeHHyI0 ueLlyH- 
aTyIO (POPMY, TO, ECTECTBEHHO, MOJIOMKUTEbHO CKA3bIBaeCTCA Ha CMA30UHBIX 
(BOHICTBAX npenapara. IIpu stom cycneH3uu Takoro rpaduta arperaTHBHo-yc- 
IOMYMBbI MPH OTHOCHTeIbHO MAaJIOM KOJIMYCCTBE BBCCHHbIX IMOBePpXHOCTHO-ak- 
MBHBIX BellecTB. Panee Opl10 OOpallleHoO BHH- Zum 
qaHHe Ha pe3kOe H3Me€He€HHE KMHETHKH JHC- IO 
jeprupoBanna rpaputa B BHOpalMoHHoL 
{ebHULe B MPUCYTCTBHH MapOB Bobi H psa 
|pranmueckux penects.(*), OywHaKo He OplIO 25 
JOYYEHO KONHUCCTREHHOH CBASH Mey CO- 
ep2KaHHeM BOJbI MH CKOPOCcTbIO Aucneprupo- 
aHHA, a MPH paspaOoTKe pallHoHasbHOl 
eXHOJIOPHYeCKOH CXe€MbI MOJIYYCHHA KOJIIO- 
JHO-rpapuTOBLIX MpenapaToB 3TOT BoNpoc { 
|BUINCTCA OCHOBHBIM. 8 
Jiucnepruposanne rpadutra mpoBokusoch 
9KCHEHTPHKOBOH WaGopaTOpHol BHOpomeb- ™ 
iuie (°) B repmMeTHMueckuX WHIMHApax. 3a 
‘apaMeTp, XapakTePH3YIOWIMH HHTCHCHBHOCTb 5 
| UCHeprupOBaHuA, ECTECTBEHHO BbIOPaTb CKO- 
OCTbh YBeJIMYCHHA YeJIbHOH MOBEPXHOCTH B 


dS “wm 
HIMHMILy BpeMeHH — IIpu o6pa6orKke GUe tl 5 = aaa 


dt T-MMuH.” 
eCKOJIBKHX CepHH JaHHbIX MO H3MeJIbYeHHIO ia 


Hpadura ic jo0aBkamu BOJbI uU OpraHudecKHx Puc. 1. 3aBuCcuMOCTb ckopocTu JIMC- 
\) ae OKa3aJIOCb, 4YTO HapaMeTPOM, OIIpe- meprupopaHva rpadutra or noBepx- 
EJIAIOINMM KHHETHKY H3MCJIbYCHHA, ABJIAeT-  HOCTeH KOHNCHTPaluy SOAbI Ha Tpa- 
ip NOBepXHOCTHAA KOHUeHTpalua Beujectpa P¥TeE: @—0,30% H2O, (6 —0,7% 
“ H.0, e—1% HO, e—3% HO 
arpadute Cs mr/m? (puc. 1). M3 puce. | or- 


| 


Wv 


vi 


OBepXHOCTHOH KOHLUCHTPaluuH BObI Ha rpacure yOBJIeTBOPHTeJIbHO JOKATCA 
(a OUHY KPHBY!O, YTO CBHAeTeEMbCTBYeT O (YHKIMOHAJIbHOM 3aBHCHMOCTH 3THX 
feumuMH; yKasaHHaa KPHBad MocTpoeHa B AOCTAaTOUHO WHPOKOM UHTepBase 
SCIHUHH yesbHOH nopepxHoctn rpaduta (or 10 no 200 m?/r) u codepxanua 
ofp or 0,320 20%. Iipunumas BemMunHy MocaoyHoH MIOWayKH MOJICKYJIbI BO- 
pi3a 11,5-10°1% cm? (!°), nomyuuM, uro Cs = 0,26 mr/m? cooTBercTByeT HacbillleH- 
OMY MOHOMOVJI€KYJIAPHOMY CJIOIO BOJbI Ha MOBEPXHOCTH pacuta; Tak YTO OCHOB- 
O€ H3MCHeHHe KMHETHKH AMCNeprupoBaHHA MpOHCxoAuT Jo OOpas0BaHus Ha- 
bILLCHHOPO MOHOMOJICKYJAPHOFO CIO BOAbI Ha NOBepxXHocTu rpadura. [Ipu 3va- 
jeHuu Cs = 0,06 mr/M?, T. €. pH OTHOCHTEJIbHOM 3alOJIHCHHH MOHOMOVIeKYJIAP- 
Horo CIOX Ha OAHY YeETBEPTb, CKOPOCTh AMCNeprHpoBaHHA YMeHbIUNAeTCA B. 
| pasa no cpaBHeHHio Cc MmpesebHO YMCTOH MoBepxHocTbIO (Cs= 0). IIpu 
{aJIbHeMMeM YBeIMYCHHH KONMYeCTBA aCOPOMPOBaHHOH Baru (cBepx OfHOrO 
WIOHOMOJICKYJIAPHOFO CJIOA) CKOPOCTb AHCHeprHpOBaHHA MeHACTCA BeCbMa He- 
HauHMTeJIbHO. CylleCTBeHHbIM ABJIACTCA He COMep*KaHnHe Bar, a ee OTHOLMEHHE 
( BeIMYHHE MOBepXHOCTH rpacbuta, KoTOpaA BOspacTaer B Mpolecce Aucnepru- 
opanus. TlomyyeHuble JaHHble OHO3HAYHO AOKa3bIBalOT aCOpOMMOHHY!O MIpH- 
Nowy HaGOaempix OcoGeHHocTeH JucneprupoBaHuAa rpadura. 

| Kpurnyeckum ycsloBnem, ompeeA10OWHM XapakTep pasp yHIeHUA ero KPHCTaiI- 
40B, SABJIHeTCA ycIOBHe OOpa3s0BaHHA HaCbIII[eHHOTO MOHOMOJIeKyJIAPHOTO 
Of BOJbI Ha NoBepxHocTu rpadura. IIpu qucneprupoBannn rpaduta, mopepx- 
OCTb KOTOPOFO COepXUT AOCTATOUHO MaJIOe KOJIHMYCCTBO aCopOuPOBaHHOH Bla- 
(KpuTepHeM MaJIOCTH JIA BOAbI ABIAETCA ycoBHe Cs <0,26 mr/m”), mponc- 
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XOMHT HHTCHCHBHOe ApoOseHHe KPHCTAJJIOB MO BCEM KPHCTaJOrpapuyeCcKHM H 
npapienuam. B 3ToM cily4ae YacTHIbl rpapuTa Warr Tak HasbIBaeMbIM Pak 
BHCTbIi H3JIOM, BHeIIHAA (bopMa KOTOporo oMmpefemHeTCA KOHKPeCTHbIM BUA 
HalIpsXKCHHOFO COCTOAHUA €FO KPHCTAaJJIOB, BOSHHKAIOWerO MPH OTHOCHTCIbH( 
nepeMelleHHH H CoyAapeHHH YacTHll B MejbHULe. PasMepbl H3MCJIbYCHHDIX KP 
cTalOB AOXOAAT B pAe calyyaes No AecaTKOB aurcrpemoB. B mpucyTcTBuH a 
COPOMHOHHBIX CIOCB BOLI He yaeTCA MOMYYHTb TaKUX BbICOKOAMCMEPCHE 
cucTeM axKe IPH OYeCHb JIMTebHOM H3MebueHHH. APKO BbIpaKeHHaA Ma 
TuHYaTad (bopMa YacTH, rpaduTa, H3MeIbUeHHOTO B BOE, CBUAETEbCTBYeT 
MIPeHMYIeCTBeEHHOM [[poO1eHHH KPHCTAaIIOB B 9TOM CJIy4ae MO MIOCKOCTS 
cmaHHocrTH. 

IIpu afcop6uuu napoB Ha rpaduTe MoHMxKeHHE MOBEpXHOCTHOH SHeprt 
JOJKHO BeCbMa CHJIbHO CKa3aTbCA Ha OOMerueHHH paspylleHHA KPHCTAaMIK 
BAO mmocKocTu cnalinocru (0001) u B 3HaUNTebHO MeHbIUeH CTeMeHH Ha O 
jlerueHuu JUCneprupoBaHHA B NepreHAUKYAPHOM HanpaBseHun. ITO MpHBON 
K OGerueHHIO eopMallHu HW PaspyWIeHHA KPHCTAMJIOB TpapuTa BAOb MOCK 
CTH CnafHocTH BTOHYALiMIMXx MOBeEpXHOCTHBIX COAX, CBOeOOpasHOH ascopOuno 
Holi nuacTupukawuu Byomb nmocKkocTu (0001). Ilpu sTom HanpsxKeHHA, BO 
HUKalOUNe B YaCTHUAaX, MPeBbIalOT MpeAe MPOUHOCTH JIMUWb B MOBCPXHOCTHb 
COAX, YTO MH MPHBOAUT K OTU[eNNeHHIO ero TOHYAHWUX YeUlyeK. OOpasyroulnec 
TOHKHE ¥ellyiku rpauTa, MOKpbITble COeM acopOHPOBaHHOH BObI, OPHeHT! 
PyIOTCA MIpeHMylecTBeHHO Tak, YTO MIOCKOCTH Oa3HCa CTAHOBATCA Mapaser 
HbIMH, 4TO OblwlIO OTMeYeHO 3IeKTpoHOrpaduyecku (11). Takad opHeHTHpoB! 
3aTPyHAeT BOSHHKHOBeHHE HaMpsAXKeHHOTO COCTOAHHA B OObeMe YaCTHL rp. 
cura. 

Takum oOpa3om, JelicrBue aCOpOWHOHHbIX CJIOe€B COCTOHT B OOerueHH 
WucneprupoBaHun rpadutTa BAOJIb MWwOcKocTH 6a3Hca, B JOKaJIM3allHH Harp: 
XKeCHHH BOMM3H MOBeEPXHOCTHBIX CJIO€B €fO KPHCTAaJJIOB, YTO MPHBOAHT K MeHI 
IMM 3Ha4eHHAM CYMMAaPHOH yJlebHOH MOBepXHOCTH, HaOsIOAaeMbIM IPH UH: 
MCJIbYCHHH B MPHCYTCTBHH aJCOPOWMOHHbIX CIOeB BOAbI HU APyrHx Bell[ecT! 
B 9TOM Culy4ae He BOSHUKAeT JOCTaTOUHO OOJIbIIMX HCKaKeHHH KPHCTAJIHYeCKC 
pellleTkKH B OObeMe 4YacTHI, 4TO ObIIO MpoBepeHO HaMH peHTreHorpad 
yeCKH. 

IIpu QucneprupoBaHHu B MpHCyTCTBHM MapoB BOJbI, B TOM Culy¥ae, KOFI 
YHCJIO MOHOMOJICKYJIAPHBIX CJIOCB He MpeBbIllaeT ABYX-TpeX, KOJIMUYECTBO MPI 
BHOCHMBIX B Mpollecce AucneprMpoBaHuA MpuMeceH OYeHb MaJIO HW MpPpHMepE 
COOTBETCTByeT PeXKHMY JMCMeprHpoBaHHA cyxoro rpaduTa, T. €. COCTAaBIAC 
omu mpowexta. B To *%e Bpema copMa YacTHL MH UX CTPyKTypa COOTBeTCTBYE 
PexXHMY AHCNeprMpoBaHHA B XRKUAKOH cpese. ITO NOZBOMMIO MpPeAIOKUTS cI 
Ayrollyio cXeMy MpHroToBeHHA rpaduToBpix cma3ok. IIpu AucneprupoBaHn 
Tpaduta (B COOTBETCTBHH C MOCTeMeHHBIM POCTOM efo yJeJIbHOi NOBepXHOCTI 
B TepMeTHYHY!O KaMepy MOCTeMeHHO AOOaBJIAeCTCA TaKOe KOJIMYECTBO BOLL (HI 
BOJHOTO PacTBOpa MOBEPXHOCTHO-aKTHBHbIX BeLICCTB), KOTOPOe COOTBETCTBOBi 
JO Obl MIPHMepHO OOpa30BaHHIO HACHILeCHHOrO MOHOMOJIEKYAAPHOFO COA BOLE 
KoHeyHaad AucnepcHocTh rpadputTa onpeseiserca BPeMeHeM uCcMeprupoBaHHs 
a TaKxKe BEIMYMHOH NOBEPXHOCTHOH KOHICHTPalluH BOAbI Ha efO NOBEPXHOCTI 
Tak, (uA nomyyenua Gosee BbICOKOAUCMepCHBIX MpemapaToB HeoOxoguMo, 4TO6 
3HaueHHe Cs OblIO HECKObKO MeHbille, yem 0,26 mr/M?. 

Bropol, u noceqHeH, onepalueli mpu stoi TexHosorMyecKolt cxeme aABIAe 
CA MPHIOTOBMeHHe arperaTHBHO-yCTOHYMBOK rpapuTOBO CycNeH3HH H3 H3MeWI 
YeHHOFO MOPOikKa MyTeM BBeAeCHHA B MCJIbHHILY COOTBETCTBYIOUerO KOWIHUCCTE 
BOAHOrO PacTBopa CybPUTHO-CHMpPTOBOH OapabI uM Apyroro noBepxHOCTH 
AKTHBHOTO BelllecTBa. Koumouquo-rpapuTosble mpenapaTbl B COOTBeTCTBHH 
MIpeAIOAKEHHOH TEXHOJOPHYeCKOH CXeMOM ObIIM H3POTOBJICHbI B MPOH3BOACTBe) 
HBIX YCJIOBHAX MH YCICWIHO MCNOJIbSOBaHbI B KaYeCTBe CMA3KH IPH ropsAyeM Bom 
YeHHH. | 

IIpu 9ToM yfanocb pelmMTb OHOBpeMeHHO Be TexHosorM4ueckHe sanauy 
1) paquKanbHo ynpoctuT TeXHOJIOrH4eCK IO CXEMY MPOH3BOACTBAa KOMMONAH 
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paduToBplx mpenapatos, 2) 3HauHTebHO YYUWIMTb CMa3OUHBIe CBOMCTBAa STHX 
pemaparos. 

B sakmioueHHve aBTOpHI BLIPaxKaloT OarowapHocTh akay. II. A. PeOungepy 
H B. H. Poxkanckomy 3a o6cy2«qeHHe pesysbTATOB. 


|  Axkazemua cTpouTembcTBa HW apXHTeKTypH Hocrynuso 
| 20 V 1959 


WMTHPOBAHHASA JIATEPATYPA 


1 Viccneqopanue mo (bu3HKO-XHMHHM TeXHHUeCKHX cycnexsui, COopH. cTaTeH nox per. 
(1. A. Pe6ungepa,M.—JI., 1932. 2 B.C.Beceaoscexku it, Texnonorua rpaputa, M.—IJL., 
935. 3 JIB. Jlir u H, Tp. Bcecoto3H. HHCT. MUH. CbhIpbs, B. 73 (1935); Bcecoio3H. Koundep. 
O TpeHHIO M M3HOCY B Mammuunax, 1, M.—JI., 1939. 4 II. A. Pe6uungep, B. HU. Jluxt 
au, Jl. A. Kauauosa, JAH, 111, 1278 (1956). © E. 0. Uy xuu, I. A. Pe6un- 
ep, Kona. «xypH., 20, B. 5, 645 (1958). 6 Jl. A. Detiruun, B.H. Poxauckul, 
AH, 115, Ne 5, 946 (1957). 7 JI. A. Oe firuu, Xu. wayKa.u mpom., 1, B. 2, 210 (1956). 
JI. ve eee Re JAH, 127, Ne 2 (1959). 9M. HW. Apouos, [Ipu6opst H TeXH. 
axen., Ne 1, 153 (1959). loC. Bpyuayoap, AgcopOuua rasop u napos, WI, 1948. 
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IPEOJIOLHA 


K. Pr. BATACAPAH 


K BOMPOCY OB H3Y4EHHH MOJLWJIKOCKOBOM ®AYHbI 
YOKPAKCKOrO FTOPH30HTA FPY3HH 


(I]pedcmaeneno axademuxom H. C. Wamekxum 13 V 1959) 


I]nactbl YoKpakcKoro TOPH380HTa MpeACTaBJAWOT COOOH OTJOKeHHA OFPOM 
Horo mMopeKoro GacceliHa, mpocTHpaBlleroca oT 3anafqHpix Oeperop Uepxoro 
‘Mops JlaneKo Ha BocToK, Jo Koner-Jlara. Yxe H. UW. Angpycos ormeyan, ure 
Ha OFPOMHOM POTAXKeHHH CpeAHEMHOWeHOBOrO MOPpA Kak (bu3HyecKHe, TaK 
uM OnomorMuecKHe OCOOEHHOCTH €FO MPOABJIAIOTCA C 3aMeCUATEJIbHbIM OHOOOpa- 
3uem. Takoe oHOOOpa3He, BbIPaxKeHHOe ORMHAKOBbIM — 3BKCHHCKHM, 10 
H. HW. Augzpycopy,— Tunom dbayHbl Ha BceH OOWMpHOH TeppuTopHH pacnpocTpa- 
HeHHA YOKPAaKCKHX OTJIOXKEHHH He CJLYYaHHO HU MOXKET ObITb OOBACHEHO CXOJHbIMH 
YCJIOBHAMH CYLeCTBOBaHHA, TOCMOACTBOBaBLIMMH B OOWHPHOM YOKPaKCKOM 
Mope. OTH yCIOBHA B OOWIMX YepTax Obit BbIdcHeHb! H. MW. Anypycospim elle 
B 1884 r. (*). Ha ocHoBe aHaH3a MOJIJIIOCKOBOH (ayHbl H OTCYTCTBHA B Nocwel- 
Heli TakKHX MOpcKHX opm, Kak Pectunculus, Spondiylus, Conus, Cypraea, 
Mitra, Strombus, Turritella u ap. oH BbICKa3as MpeAnoO*KeHwHe, ITO COJIEHOCTB 
BO, YOKpakcKoro OacceliHa Oblula HeECKOJIbKO NOHW2KeHHOH,— OM3KOH K coule- 
HocTH coppeMeHHoro UepHoro mops. OO 3TOM CBHeTeJIbCTBYeT H CBOeEOOpasHaA 
(bayHa paccMaTpHBaeMOTO TOPH3OHTA: €€ MaJIOPOCIOCTb, OONNHeE WepuTOB, O6er- 
HeHHBIH POJOBOH cocTaB, MPHCyTCTBHe PAJla SHACMMUHbIX BHAOB U Ap. Tako 
xapakTep (bayHbl, €€ SBKCHHCKHM THM, yYAep2KuBaeTCA Ha BCeEM MpoTAxKeHuU OO- 
JacTH pacnpocTpaHeHuA YOKPaKCKHX OTJIOXKeHHH HU, HECOMHEHHO, ABJIACTCHA 
CJIECTBHEM OTHOCHTEJIbHOFO OMpeCHeHHA BO STOrO OacceliHa Ha BCeM ero Mpo- 
TSOKEHHH. 

Ha tepputopuu Tpy3ua yoKpakcKve OTJIOXKeHHA MMEIOT BeECbMa IIMpoKoe 
pacnpocTpaHenve Hu MpelcTaBseHbl THNOM (hayHbl, XapaKTePHbIM JIA 93TOFO 
TrOpH3SoOHTa B esIoM. B To *e BpeMA [eTaIbHOe H3yYeHHe Pa3spe30B M UCKOMae- 
MBIX OCTATKOB H3 HHX MO3BOJIMJIO yYCTAHOBHTb HEKOTOPble OCOGCHHOCTH B COCTaBe 
(payHbl, KOTOPBIMH YOKPaKCKHe OTMORKeHHA, PasBUTHIe Ha TeppuTopuu I py3sCCP, 
OTIMUAIOTCA OT YOKPaka [pyrux pakonos KppimcKko-KaBKa3ckoH MpOBMHIMH. 
Hs HoBbIX JWId YOKpaka (OPM B MepBy!O OYepeb CeyeT OTMETHTb MOPCKUX 
exkeH, KOTOpble JO HaCTOAWerO BP€MeHH H3 9THX OTJIOMKeHHH H3SBECTHBI He OpI- 
Jiu. Exky Hatifenbl B NeCTpOUBeTHBIX TvIMHaX BbIWe MpocioA pakylleuHuKa Cc 
Chlamys pertinax Zhizhch.— pyKospogamei uoKpaKcKoli dopmoli. Kpome 
Chl. pertinax B necTpouBeTHBIX TviMHax Halijenpi eye Ostrea digitalina Dub. 
var. caucazica Zhizhch., Pteria mira Zhizhch., Ervilia pusilla Phil. u apyrue, 
HeEONPeeIHMbIe, OTMCYATKH JBYCTBOPOK. 

Exku, oOOHapyXXeHHbIe B YOKPAKCKUX OTJIOXKeHHAX B Palione c. Ynaucwuxe, 
OTHOCATCA K pofly Schizaster, u3BecTHOMy ¢C Ha¥ala TperMYHOrO nepvosa moO 
HacTosulee Bpema. HspecTHbl OHH TaK%Ke M3 TapXaHCKOrO TOpH30HTAa, B YacT- 
HOCTH OCTATKH MpecTaBuTeneH STOrO pola HaMM HaleHbI B TapXaHCKHX OTVIO- 
xxeHHAX Mmepetuu (opuca) u Merpenuu (Xopum). TapxancKxue u, oco6enxo, 
YOKPaKCKHE €2KH OYCHb MaJIbI 10 PasMepaM H MMeIOT TOHKHH, HeXKHbIM WaHlupb, 
a IIOTOMY B HCKOMa€MOM COCTOAHHM COXpaHAIOTCA pelKo. 
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Kak H3BeCTHO, MOPCKHe €2KH — CTeHOraIMHHbIe XKMBOTHbIe, HU MasleOHTOWIO- 
‘M CUMTAIOT UX HHAMKaTOPpaMH HOPMabHOM MOpcKOH coseHocTH. To, 4TO OHH 
HMOrIM 2%KHTb B YOKPaKCKoM Oacceline (npH comeHocTH 25—28°/o,), HonOMHAeT 
fall CBeJeHHA NO SKONOrHM STHX HIVIOKOKUX. Ha ocHOBAaHHH CKa3aHHOrO HaM 
kaxKeTCH, UTO MOPCKHX €%KeH HE/Ib3A BCera CUNTATh MHAMKATOPaMH HOPMavIb- 
HoH OKeaHu4eckOl COeHOCTH; BO BCeX CYYaAX HX HAXOAMeHUA CMeLyer COpa- 
llaTb BHUMAaHHe Ha TO, KaKHe 9TO eX%KU, KAKOBbI HX Pa3MePbI UH, YTO HanMOosee 
tyllecTBeHHO, B KaKHX WeHO3aX OHH BCTpeveHbI HM KAaKOB Obl OOMMH XapaKkTep 
DacceliHa, B OTJIOMKeCHHAX KOTOPOTO OHM HalijleHbl. 
UYokpakckoe Mope mpescraBiao coGol GacceiiH SBKCHHCKOrO THMa CO CBOe- 
( aeta OpraHHyecKHM MHPOM — OOeHEHHbIM KOMIVICKCOM H3MeJIbYaBIUNXx 
OPCKUX (bopM, H HaxoxkeHHe B YOKPAaKCKHX oOCaKax HeOOJIbIIMX MOPCKHX 
bxKeH, NOTOMKOB TapxaHckux (bopM Schizaster, He MoxeT, Ha Halll BST, Me- 
HAT CyWlecTBylolee NOHHMaHHe THA Gacceltiia B IeJIOM. 
Tlomumo MopcKHx exkeli B YOKPakCKHX OTO%*KeHUAX I pysuu Hamu Halijenpi 
bile HEKOTOPble HOBbIe H MaJlOM3BeCTHbIe (opMp!: Thracia sp. n., Cardium sp., 
. pseudomulticostatum Zhizhch. n. var., C. multicostatum Brocchi, Congeria 
f. sandbergeri Andrus., Mytilus sp., Spaniodontella cf. tapesoides Andrus. 
OJIbIUIaA YaCTb Me€PCYHCJICHHBIX HCKOMAeMbIX MOJIJIOCKOB MPOMCXOMT H3 4YOK- 
PAaKCKHX OTJIOXKeHHH, KOTOPble OOHAaKaloTcA B pahoue c. KBanuTu. 

Pa3pe3 YOKPakCKHX OTJOKeHHH B palioHe cc. KBanuTu — Caupu upescras- 
1AeT OOJIbLIOH HHTepec elle HB Apyrom oTHoWeHHH. B pepxHe YacTH YOKpaka 
Wecb OojIblioe pacnpocTpaHenHue Mosyyalor mpescrapurenmu pofla Donax; 
,PpoMe TOTO, B 9TOM KOMIVIeKCe B OObUIOM KOMYecTBe BcTpeyaroTca elle Ervilia 
draepodolica Andrus u Spaniodontella intermedia Andrus., 6omee peqku Erv. 
crigonula Sok., Erv.- sp., Acteocina (Tornatina) sp. Hakoneu, HaliqeH eMH- 
°TBEHHbIL 9kK3emnuAp Spaniodontella cf. tapesoides Andrus. CkonmeHue Donax 
eCTaMH TaK 3HAYHTeJIbHO, YTO COM U3BeECTKOBOrO MecuaHHKa, KOTOPbIH cojlep- 
HT HX, MOXHO Ha3BaTb OHaKCOBbIM. Jlo HacTOAMero BPeMeHH «OHAKCOBbIe 
PJIOH» HaM ObIJIM H3BeCTHHI TOKO B Mmepetun. B nepuoy nomesbix pabor 1958 r. 
apakTepHbId KomMnuekc Donax — Spaniodontella — Ervilia Obi Bcrpeyex 
B BepXHel YacTH YOKPaka paliona c. Hopno. Hanuune cxoQHbIX KOMIMI€KCOB 
3 Pa3JIMYHbIX, 3HAYHTEJIbHO OTJaJIeHHbIX Apyr OT Apyra paloHax, uM MpHToOM Ha 
DAHOM CTpaTurpaduyecKoM YpOBHe, He MOET ObITb CuLyYaHHbIM WM, KaK HaM Ka- 
PECTCAL, CaMbIM TCCHbIM OOPa30M CBA3aHO C HCTOPHeH cpeHEMHMOLeHOBOrO Oac- 
ea TOrO BPeMeHH. O6baACHeHHe MOXHO ODIO Obl UCKaTb B CXOACTBE PallnaJib- 
HbIX YCJIOBHH: B OOOHX CyYaAX JOHAKCOBLIM KOMMIeKC MpHypoyeH K WecuaHHuc- 
[bIM OTJIOXKCHHAM: B OJHOM — MVJIOTHbIM CHJIbHO H3BCCTKOBHCTHIM NeCuaHHKaM, 
A B pyroM — PpbIXJIbIM TOHKOS€PHMCTbIM CJIOMCTbIM NeCUaHHKaM. OyHako TYT 
BOSHUKaeT BOMpoc, MOYeMy JaHHbIM KOMMIeKC He BCTPe4eH HHTe B HH3aX MI 

cpeHel uacTH YoKpaka, Te necuaHucThle (pallu MMEIOT BECbMa LWMpoOKoe pac- 
mpoctpanenne. O xapaktepe OacceliHa BO BPeMA OTMOXEHNA “LOHAKCOBBIX CJO- 
2B» B I103JHEM YOKPaKe MOXKHO CYJMTb B HEKOTOPOH cTeMeHH NO 9KOJOTHYeCCKHM 
yCOOCH HOCTAM MCKOMAeMbIX MOJIJIOCKOB M WX COBPeMeHHBIX MpeycTaBuTeeli 
POJOB, UpeACTaBJIeHHbIX B YOKpake. 

Skomoruyeckue ocoOeHHocTH pogxa Spaniodontella nourn He u3yyeHb. Ho 
A3BeECTHO, UTO STH MOJIJIIOCKH ObIIH WHPOKO pacmpocrpaHeHbl u, Oowlee Toro, 
IPOUBeTaJIM B KaparaHCKOM MoOpe, Tle HOCTHTAaIM KPyNHbIX pasMepoB u peTepie- 
IM 3HAUHTEJIbHYIO SKOPCHETHYCCKYIO 9KCIAHCHIO. OcoOeHHOCTH, KOTOPbIe MO3BO- 
IWJIH CMAHHONOHTeIIaM Tak WHpOKO pacceMTbcA B KaparaHcKOM OaccelHe, 
3bIPAOAaTHIBAJIUCb MOCTeMeHHO B TeYeHHe MpeMMIeCTBOBaBIUHX 3OX, H, Hao 
JoaratTbh, OIMKalIMMH UX MpelKaMuM ObWwIM YOKPakcKHe CNaHHOAOHTEVIbI. 
6 STOM CBHACTEICTBYET BECb XOJ| HCTOPHYCCKOTO PasBHTHA STO PpPyMbl MOsI- 
IOCKOB B YOKpakcKoe Bpema. B paHHeM YOKPake Ha MOPCKOM JHE, Te oTsara- 
IMCb KCIMPHaJIMCOBbIe» PIHHbI (TapxaH no anu P. JI. Mepkauna ( *)), 2KHJIM 
IONYAAWMH OYCHb MaJIeHbKO C MpospayHOH BbITyKOH PaKOBHHOH Lutetia 
ntermedia var. praecedens Mercl., Koropas Opiia ee MopcKoH (bopMoH, MaJO 
IPHCHOCOOeCHHOM K XKH3HM B OMPeCHAIOWIEMCA YOKPaKCKOM Mope. K ccpeqHHe 
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yoKpaka CHAHHOMOHTEMJIbI He HCUe3JIH; 3eCb OHH BCTPeyalOTCA Yallle H He TOJIb 
KO B TJIMHMCTHIX OCcay{Kax, HO M B necuanucTbix (paspesp JKramu, Ouxomypu 
Kpanutu). Sto yxe Tunuunasn Spaniodontella intermedia,— Heckombko Kpyml. 
Hee juOTelMi H 3HaYUTebHO MaccuBHee mocmeqHux. O oxpaxcKux Spaniodon 
tella intermedia mMoxHO cKa3aTb, YTO 9TO ObWIH CPpaBHHTeIbHO SBPHOWOHTHEL 
tbopmpl. OO 3ToM cBHJeTeMbCTBYIOT HaXOAKM OOMbIWOTO KOMMYECTBA STHX MO 
JHOCKOB B WeHogax c TaKMMM TwlacTHHYaToxKadepHEIMu, Kak Mactra, Venus 
Cardium, mpuuem Bo BCex 9THX C1yYaiX OCHOBHOe MECTO B KOMIIIeKce NIpHHay, 
KUT CNAHMOXOHTeNNaM HM OMHOM H3 OCTAaMbHbIX TpeX Ha3BaHHBIX (opm. Cae 
WlyeT OTMETHT, UTO YKaS3bIBAeMbIe HCKOMAEMbIC WeHOSbI NOM KHbI ObITb OIM3KUMI 
10 CBOeMY COCTaBY K MOvOCKOBOli YacTH JOHHbIX OMOMeHO3OB, TaK Kak OOJb 
INMHCTBO CNaHHOJOHTeI BCTPeYeHO 3eCb C COMKHYTHIMH CTBOPKaMu Oe3 ompe 
JieleHHOM OPHEHTHPOBKH B NOpose HW COBMECTHO Cc Oomee KPYNHbIMM PaKOBHHAM] 
Mactra, Venus, Cardium — orcopTHpoBka JBM2KeHHeM BOJbI B STHX CYIaAXx 
BepOATHO, He MMea MeCTAa. | 

B campIx BepXaX YOKpaka MeIKHe CHAHHOMOHTEIbI MO y4aloT y2Ke JOBOJIb 
HO WIMpOKoe paclipocTpaHeHMe M ABJIAIOTCA NOTH C/\MHCTBCHHbIMH HCKOTAeMBl 
MH MOJIJIIOCKaMH, KOTOPbIe BCTPeYalOTCA B STOM YaCTH YOKPAKCKHX OTJOKeHHI 
BO MHOFMX pa3pe3ax CepepHoro Kasxasa u Tpysuu. B patone c. Kaanurn } 
BepXaX YOKpaka HaMM BCTpeyeHb! (POPMbI, HECKOJbKO OTJIMUHbIC OT THIHYHBE 
pakosuu Spaniodontella intermedia. Oru dopmbr xapaKkTepusyroTcA Oowee yo 
JIMHCHHOH, MaCCHBHOH HM KpynHOH pakoBHHOH, npHOmMxKalouleHcA MO CTPOeHUK 
3amKa K Spaniodontella pulchella Baily. Ilo sceli Bepoatuoctu, dopMma u3 Bep 
XOB YOKpaka pationa c. KpauivTH 3aHHMaeT MpOMexKYTOUHOe NMOJIOKeHM 
MexKy voKpakcKumMu Spaniodontella intermedia u KaparaHcKuMyM cnaHHo 
joutTenmamu. He6esnrinTepecHo To o6cTosTesmbeTBO, 4To Spaniodontella pul 
chella, u3BecTHbIe y Hac TOJIbKO H3 KaparaHCKOrO TOPH30HTa, yKa3bIBaloTCs 
B YOKPpaKCKuXx oTsO*KeHuAX Bonrapuu (°*). 

Ha ocHope Bcero H30%XCHHOrO, HaM KaXKeTCH, MOXKHO 3aKJIIOUHTb, UT 
Spaniodontella — sBpHOuoHTHBIH pod, c pe3KO BbIPaxXeHHOM M3MCHYMBOCTHIO 
XOPOLWIO MpHcnocoGeHHbIH K XKH3HH B OMPeCHeHHbIX BOJOeMaX. 

[pyruM pojlom, mpescTaBuTesu KOTOpOrO BCTpeyeHbI B «OHAKCOBOM CJ10e 
BepXOB ¥YoKpaka, aABIAeTcA Ervilia. B Haliiem MuolleHe 3PBUIMH H3BeCTHbI HauH 
Had C cakapaysibckoro ropu3ontTa (mo faHHpmm I. JI. Xaparuweuan (4) — 
E.trigonula). B rapxaHe JoBombHo yacro BeTpeyaetca E. pusilla Phill., koropa: 
elle IpodouKaa CyWLeCCTBOBaTb B PaHHeM YOKPake, HO Havasa mperepnesa«! 
HeKOTOpble H3MeHeHHA. M3MeHuMBOCTb 9Ta Oba HampaBseHa B CTOPOHY OTHO 
CHTeJIbHOrO YKOPOYeCHHA HW PaCWIMPeCHHUA PAaKOBHMHbI; Hava NMOABJIATbCA KUUJIE 
BaTble (OpMbl, KoTOpble uepe3 Ervilia pusilla var. leptotaecha Zhizhch. npn 
BeJIM K 9HJ/@MHUHBIM YOKpakckyM E. praepodolica Andrus.— kpynHbim, MaccHB 
HbIM, KHsIeBaTbIM (opmam. IlupoKoe pacnpocrpaHeHue y Hac E. praepodolic. 
Andrus. nomyyuma B cpeqHeH YacTH YOKpaka M MposomKana cyulecTBOBaT 
NO KOHWa 9TOrO Beka BMecTe c Ervilia trigonula Sok., usBecTHol u u3 KaparaH. 
H KOHKH (°). B BepxHeli uacTu YoKpaka B paspesax No pp. Ouxomypu, Uanuc-llxa 
au (Merpenua) u J2xo6oypa (Mmeperua) Hamu BcTpeyeHb! HeOombUIMe rnalKU 
SPBUIMM Oe3 KUIA, KOTOPHIX elle He yasocb onpesemuTb. Ilo pce BeposTHOCTH 
3TO KaKHe-TO HoBbie (opMbl. Takum OOpa3om, H3 mpescraBuTeneli poga Ervili 
B Bepxax 4oKpaka Berpeyawrcs E. trigonula u E. praepodolica — ucKxmoun 
TeJIbHO SBPHTaMHHble POPMbI, CyAA NO HX PacNpocTpaHeHuloO B CpeHeM MHA 
ueHe Kppimcko-Kasxasckoi o6nactu. Uupoxo onu Oniwiu pacipocrpaHeHbl B YOK 
pakckuli Bek, a E. praepodolica focrurana 3Ha4TeIbHBIX JIA STOFO pola pag 
MepoB. 

Cre yIouum mpeqcrapuresem (ayHbl HCKOMAeMBIX MOJIJIIOCKOB paccMaTpUuBae 
MBIX CJlOeB ABIAeTCA Donax tarchanensis. Donax — wmpoxo pacnpocrpaHer 
HbIli pod MOvmi0cKoB. B HacToslee BPeMA JOHAKCbI M3BeCTHBI He TOJIbKO H 
HOPMAaJIbHO-MOPCKHX OacceliHOB, HO OHM B G6O/IbUIOM KOMMYeCTBe BCTpeyaloTC 
H Ha leC¥aHbix rpyHTax coppemeHHoro UepxHoro Mops, comeHocTb BOX KOTOpOr 
He npeBblluaeT 22°/,, (Donax venustus, no A. C. 3epHosy (°)). Uckonaemnte npez 
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}eTaButTenu Donacidae u3BecTHbI c Ha¥ala 30leHa. B yoKpakcKoM ropu3oHTe 
\{JOHAKCbI NOBObHO MHOPOUHCJICHHbI WH MpeACTAaBJIeHbl HeCKOJIbKHMH BuaMH, 
us KoToppiIx B l’pysua Hamu Bcrpeyennt Donax nathjurus Gat., D. bajarunasi 
Andrus. u D. tarchanensis (Andrus.) Bajar. PakosuHbt nocneqHero Bula mepe- 
/IMOHAIOT «MOHAKCOBbIe CJIOH» BePXOB YOKPaka B Palione cc. Kpanutu, Caupu, 
iHopuo. BepostHo, 4oKpakcKue JOHAaKCbI XOpOIO MepeHocHIM NOHWKeHHe Co- 
J\@HOCTH, HO COJIeCHOCTb KaparaHcKkoro OaccelHa WA HAX Oba y2Ke CIMIIKOM 
JHH3KOH, UTO'M ABJIACTCH MPHYMHOM NOMHOTO UX HCUeSHOBeHHA B KOHIe YOKpak- 
CKOrO Beka. 

na Toro uroOb ClelaTb BbIBO, 06 ycNOBUAX CyYIIeCTBOBaHHA B TepHod 
}OTJIOXKCHHA «MOHAKCOBBIX CJIOeB», CJICAYeT 3AMETHTb, UTO B OMHCHIBAeMOM CJIOe 
iBcTpeyaetca eue Acteocina (Tornatina) sp., ormmuaronjaica oT Apyrux 4OK- 
| pakCKUX MpeycraBuTeselt cem. Acteocinidae. 6ombiulel BemMIMHOH MU HalM4uHeM 
/HeOOJIbUIOrO KaHasia MW B TO Xe BPeMA BECbMa MOXO%KaA Ha KPyMHbIX Kaparau- 
WCKMX akTeOwHH; Spaniodontella cf. tapesoides — Onm3Kaa kK pykoBOJAlleH 
| ae (bopme, JO HacTOAero BPCMeHH M3 YOKPaKCKOrO Fopu3OHTa cMa- 
|HHOJOHTeIbI STOH rpynnbl He OblvIM H3BECTHEI. 

QOKONOrMYeCKHH aHaIM3 KOMMJIe€KCa MOJIJIIOCKOB H3 «OHAKCOBBIX CJI0eB» 
| MOKa3bIBaeT, YTO STOT KOMIMJICKC COCTOUT 43 (OPM SBPHOMOHTHHIX, IBPHTaJHH- 
HbIX H XOPOWIO NpHCMOCcOOeHHbIX K 2KH3HH B OMNPeCCHeCHHBIX MOPCKHX BOJOeMaXx. 
O70 jlaeT HaM OCHOBaHHe yTBepKaTb, YTO COJIEHOCTbh BOA YOKPaKCKOrO MOpsA 
ls TOT IpOMeXKYyTOK BPCMeHH, KOa XK STH MOJVIIOCKH, Obluia JOBOJIbHO HH3- 
KOH,— OM3KOH K COJI@HOCTH KaparaHcKoro Mops. CpaBHeHwe KOMMmJIeKca 
MOJIJIIOCKOB H3 BeEPXOB YOKpaka C TAKOBLIM HUKHeH YacTH 3TOTO TOPH30HTA M0- 
| Ka3bIBaeT CYIIECTBEHHYIO Ppa3HHUy Mexkyy HuMH. CHu3y BBepX MbI HaO0,aeM 
‘3HaUHTeIbHOe OOeHeHHe POMOBOFO cocTaBa, MOJHOe MCUe3HOBeHHe B CaMbIX 
BepXaxX H3y4aeMbIX OTJIOXKCHHH CTEHOFaJIMHHbIX POPM, Pacl{BeT H WHPoOKoe pac- 

MpocTpaHeHue HeKOTOPHIX BUOB, Kak Ervilia praepodolica Andrus., u, Hako- 
Hell, 3apo% enue HOBbIX (bopM KaparaHcKoro TuNa, Kak, Hampumep, Acteocina 
{Tornatina) sp., Spaniodontella cf. tapesoides Andrus. 
_ OcHopplBascb Ha H3JI0%KCHHOM, HAM Ka2KeTCA, MOXKHO CelaTb BbIBOA, ITO 
COICHOCTb BOA YoKpakckoro OacceHHa B Hayawie STOrO Beka Obla elle MOBOJIbHO 
-BbICOKOM, OMM3KOH K COJIeHOCTH TapXaHCKOFO MOPS; K KOHILY 2Ke BeKa OHA 3Ha- 
—UHTEJIbHO NOHH3HJ1aCb, YTO NOBJEKJIO 3a COOOK CyUlecTBeHHbIe H3MeHEHHA B COCTA- 
Be (ayHbl. 


Uuctutyt maneosoTtanuku Tloctynua0 
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Jloxuane Axagemun nwayk CCCP 
1959. Tom 128, Ne 5 


TPEOJOVHA 


A. T. )KABHH 


O HOBOM THIIE KAPBOHATHMTOBbIX MPOSBJIEHHM B CBS3M | 
CO WEJIOUHbIM KOMMJIEKCOM BULIHEBbIX — HJIBMEHCKHX TOP 
HA YPAJIE | 


(ITpedcmaeaeno axademukom JI. C. Kopxcunctkum 13 IV 1959) 


B reneruyeckoll CBaA3M C MHTPy3Hel MHaCKHTOB (OHMOTHTOBbIX He@eJIMHOBEIX 
CHCHHTOB) IWIMPOKO MPOABJeHbI Mpoleccbl MOocTMarMaTHYecKOH asbOnTHSAalLMA 
M mocweqyrouleh KapOoHaTu3auuu. Ilo reogoro-crpykTypHOMy MOJIO%KeHHIO 
pa3sMualoTca TPH THMa 30H PacNpocTpaHeHHA CHHKATHO-KaJIbIUMTOBHIX MOpo, 
ABJIAIOULUXCA TpPOAyKTaMH TyryOOKOrO MeTaCOMaTHYeCKOrO H3MeHEHHA IUleOy¥- 
HbIX NOpO B crajuio KapOoHaTusaluu: 1) 30Ha BHYTPH HHTPy3HH MHACKHTOB, 
2) 30Ha Ha KOHTaKTe MHACKHTOB HU PeHUTOB, 3) 30Ha B (CHHTOBOM Opeovie HHTPy- 
3nuu. KapOoHaTu3allua NpOABJIeHA B CJIOXKHbIX TEOOFO-TEKTOHHYECKHX YCJIOBHAX; 
poxoduua oHa B Be dbasbi: | —ruaBHylo, xapakTepu3ylollylocAd KapOoHaTu3a- 
WuelH wesouHpIx nmopog; I] — da3y kKabUNTOBbIX MPOXHJIKOB C pasHooOpa3- 
HbIMH NapareHe3HCaMH Pe€KOMeTAJIbHbIX MHHEePaJIOB, BbINOJIHAIOULMX PasPbIB- 
Hbl€ H CKOJIOBbIe€ TPeLMHBI. 

IIpH npouecce kapOoHaTu3altuu B riaBHyio (I) cba3y B I-H 30He BOSHHKIH 
OMOTHTO-KaJIbUUTOBIe, aIbOHTO-OHOTHTO-KaJIbILMTOBbIe, TACTHHICHTO- HU apdBes- 
COHHTO-KaJIbIMTOBbIe MOPOAbl, MPHypOveHHble K MPOTAXeCHHBIM y4acTKaM pac- 
CIaHWeBaHHA HW HaXBUroOBbIM 30HaM. JA 2-H 30HbI BECbMa XAPaKTePHb! NOPOLb!, 
ABJIAIOUNeCA OpeKYHeH LWeJIOUHLIX TOpo MW MerMaTHTOB, CUeCMeCHTHPOBaHHOH 
OHOTHTO-KaJIbUMTOBLIMH HM 3THPHH-aBruTOBO-KaJIbUMTOBbIM Ie€MeCHTOM. OTH MO- 
pol POPMUPOBaINCh Noce HHTEHCHBHOTO Mpollecca ambOUTH3aUMU WU CHHXPOH- 
HO c Opek¥HpoBaHneM H ApoOsmeHHeM B Mpesemax KOHTaKTHOH 30HbI. B 3-i 30- 
He Pa3BHTbI 9THPHH-aBIHTOBO-KaJIbUMTOBbIe MOPOAbl. XaPpakTePHbIMU aklleccop- 
HbIMH MMHepalaMH JIA CHJIMKAaTHO-KaJIbUMTOBbIX TOpod 1-H 30HbI ABJIAIOTCA 
WHMPKOH, MHPOXJIOP WH HWJIbMeHHT; WIA 2-H 30HbI — HJIbMeCHHT, NMPOXOp, Wup- 
KOH, pexke — cibeH; Ava 3-H 30HbI — ciPeH, HIbMeHUT, PeKO nupoxsop. AK- 
IeCCOPHbI€ MHHEPAJIbI BHIZCHIMCh MO3qHee, YeEM TyIaBHble NOposooOpasyroune. 
Peqkue 3€MJIM CeJIEKTHBHOrO WepOBOro CocTaBa B CHJIMKATHO-KaJIbIMTOBbIX T0- 
powax riapHor (1) dasyi craluu KapOoHaTH3allMu paccesHbI B KaviblluTe (ecs- 
Tbe HOM MpolenTa), amature (oT ecATbIX LOeH Jo WesbIX MpolleHTos), ccbeHe 
(HecsaTble NOI MpolleHTa) Hu NMpoxsope (OT COTEIX MO LeCATHIX LONeH MpoleHToB). 
Jlisa Kanbllvta, anaTuta, ccbeHa HM NHPOXNOPOB Tak?Ke XapaKTepHbI HeOovIbUIMe 
cofepxKkanna Oapusa u cCTpPOHIMA. 

II basa cranun KapOonaTu3auun B |-li 30He NposBeHa B Bue KpynHosep- 
HHCTbIX MOHOMHHEepaJIbHbIX KaJIbUMTOBbIX MOPO C alaTHTOM WM HJIbMCHHTOM; BO. 
2-H 30He — B Bue MaHraHOdNMMTO-KaTaPOPHTO-KaJIbIMTOBbIX TOPO, B KO- 
TOPbIX BCTPCYeHbI WJIbMeHHT, C(PeH, MOJIMOJeHUT, HW B 3-H 30HeE B BHJe KaIbuN- 
TOBbIX IIPOMKHJIKOB, MepeceKalOMHX PasJIHYHble WICJOUHbIE NOPOAbl HU KapOoHaT- 
HbIe NOpoAb | dasbi craquu KapOoHaTusatuu. B stux KabILMTOBbIX HPORKMMIKAX 
cpequ PeHUTOB HaliJeHbl STMpMH-aBruT, MUKPOKJIHH, ambOuT (B Bue Ap Y3OBbIX 
3abOaHJOB, 10 CocTaBy O1M3KUX CocTaBy (eHHTOB) H akIeCCOpHbIe MHHEpasbl — 
OacTHesnT, HHOOO-SIMHUT, OapuT, OapuauT-cHIMKaT OepuiiuaA u Oapua, 
CTPOHIUMaHUT, MMHepas Tpynnbl TOPOryMMuTa WH TapMOTOM B accolMalluu Cc py- 
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PHJIOM, OPyYKHTOM, aHaTa30M, aHKepHTOM, CepeOpAHO-BHCMYTOBbIM TaJIeHHTOM, 
(baslepHTOM, MOJIHOJeHUTOM, (pIIOOpUTOM, MMpuTOM u KBapliem. B 3aBucumocTu 
DT COCTABA BMEelalOlHX MOPOA KaJIbIMTOBbIe NpoxHIKH II casi uMelwoT pa3- 
HUHbIe (PallMaibHble PasHOBHAHOCTH MapareHe3HCOB AKIeCCOPHbIX MMHEpaJOB. 
lak, Hampumep, IpH mepeceyveHHH STHMA MpPOXMIKAMU (PCHHTH3UPOBaHHbIX (6n0- 
THTH3HPOBaHHbIX) aMPHOOMMTOB B HHX MOABJIAIOTCA TaKHe AaKILeCCOPHbIe MHHe- 
aJIbl, KAK YCBKHHUT U OPTHT, B aCCOWMALHH C OHOTHTOM, STMAOTOM, KJIMHOXJIO- 
OM, THTAHOMA@rHeTHTOM, MarHeTHTOM, CieHOM HU WopsomuTOM. B culy4ae mepe- 
(PCUeCHHA STHMH MPOXUJIKAMH H3BECTKOBO-CHJIMKATHbIX MeTAaMOp*uyeCKUX NOpoL, 
8 HHX MOABJIAeTCH aCcoluallMA aKUeccopHoro OpTHTa co CKamouTOM, Oa- 
JPHEBbIM OPTOKIa30M, (PJIOOPHTOM, H Oovlee MO3HbIMM TelaHAUTOM MU Wabasu- 

oM. Kambuutbt mpoxuiKos II dbasb craquu KapOoHaTH3alluu OObIMHO He cogep- 
aT PeIKHX 3EMeJIb, NocgeqHHe PUKCHPYIOTCA B COOCTBEHHO PeJKO3eMEJIbHbIX 
uHepamax. 

Baxkuow yeptok reoxumun II da3pr crayquu KapOoHaTH3aluN ABJIAeTCA NpH- 
yTCTBHe B CBASH C HEM PeAKO3eMCJIbHbIX MHHEPaJIOB, a TaK*KE BIePBbIe YNOMH- 
aeMbIX JIA UWleIOUHOrO KoMMeKca BuutneBprx — MmbmMeHckux Trop MHHepasioB 
TPOHUNA, Capua, OepHIIMA, TOPHA, CBHHILa, WHHKa HW MOMMOWeHa. Takum oOpa- 
30M, wid I a3bt cTaquu KapOoHaTH3allMu XapaKkTepHbl HHOOMeEBbIe MUHEepPawbl, 
a qua Il dasbr — peqKo3emMesbHbIe, CTPOHWMeBbIe, OapHeBbIe, TOPHeBbIe UH Jp. 
B cBx3H C STHM HeEIb3A He cormacuTpca (*) c TeM, UTO BPA WH MpaB Ilexopa (°), 
BIAeAA TBC BETBH KapOOHATHTOB C pa3sIHYHOH (HHOOHeBOH UH peqKO3eMeIbHOH) 
reOXHMHYeCKON CuelHNamHusayHen. Bo3MoxKHO, Mbl HMeeM B aHHOM CJlydae Mocwe- 
NOBAaTeJIbHble CTAAHH Pa3sBUTHA MOCTMarMaTHYeCKO"LO MpoOlecca B CBA3H C YJIbTpa- 
OCHOBHbIMH — U[eJIOUHbIMH KOMIMJI€KCaMH. 

Ilocme cTaquu KapOoHaTH3alluu MpoxoANs mpollecc cybhudnsaluu cuu- 
KaTHO-KaJIbIMTOBbIX TOPO, 3aMelleHHA KaJIbUUTa MMPHTOM MH MHPPOTHHOM, a 
Tak#Ke U3MeCHeCHHe MMpOXsOpa B KOJIYMOUMT Yepes MpOMeXyTOUHy!O (a3sy KaJib- 
Wueporo HHOOaTa THMAa cbepcmuTa. 

3a craquelH kapOoHaTH3alluu B Noposax 1-H u 2-H 30H mpouncxouT Popmupo- 
BaHHe MPOXMJIKOB CTaMH WeOHTH3alMU C HATPOJIHTOM, AeCCMHHOM, KaHKPHHH- 
TOM HM HJIbMeHHTOM, a B 3-H 30He — apdBeXCOHHTO-KBaPIeBbIX IMPOKHJIKOB 
© YeBKHHUTOM, OPUTOMHTOM, KaTallJIeHTOM, PeKO — WHPKOHOM, KOTOPbIe AB- 
JIAIOTCA XAPAKTeEPHbIMH AKILECCOPHbIMH MUHepalaMu STOH cTaqun. 

YruekucoTa, PUKCHpyoulaicA B Bue KaMbUHTa, OTMeYaeTCA JIA BCeX 
cTaquli MaHepanooOpasoBaHud, mpelulecTBylolulMx KapOoHaTusauun. ToBoputTb 
© BO3MOXKHOCTH ACCHMHJIALMA WeIOUHOH MarMOli H3BeCTKOBbIX MOPOy (Mo Kpai- 
Heli Mepe, Ha ypOBHe COBPeMeHHOrO 32PO3HOHHOrO cpe3a) HeT OCHOBaHHH. Onn- 
CaHHoe IIPpOABJIeHHe yrvIeKMCOKaIbUNeBOrO THApOTepMaJIbHOro mpollecca, co- 
MpOBoxKaemoe THMOMOPPHOKH pekKOMeTasbHOH MuHepanMsalueH, HaMM pac- 
CMaTPHBaeTCA KaK MPOABJICHHe 3AKOHOMePHOH cCTaqHH MOCTMarMaTHYeCKOLO Mpo- 
ecca, TeHeTHYeCKH CBAZAHHOFO C KOMMJIEKCOM HedbeMHOBbIX CHeHHTOB. B mpo- 
ecce KapOOHaTH3alHH U[eOUHBIX MOpo, MpOMCxXOAUT WHTeHCHBHBIM BbIHOC 
KPeCMHHA, aJIIOMMHHA, HATPHA MW YaCTHYHO KaJIMA WH MPHBHOC KaJIbUHA, YrIeKHC- 
IOTbI, MarHHA, Kemesa, Maprauila, THTaHa, cepbl, Pocdopa u ropa. 

OnucaHHble CHJIMKaTHO-KaJIbUMTOBbIe MOpOAbl MMeIOT CJleLyloulMe oOllMe 
YepTbI C MaTpopMeHHOH cbopMalueli KapOoHaTUTOB: a) TeHeTHYUCCKH CBASAHDI 
CO I@IOUHbIMH MOpokamu; 6) XapakTepH3yl0TCA HaJIMYHeM THNOMOPDHBIX Tapa- 
TeHe3HCOB MOpoooOpa3ylOuluX H AKWeCCOPHbIX MMHepasIoB — KaJbluTa, Ono- 
THTa, UleNOUHbIX aMu6oI0B, MHpoKceHoB, MMpoxsopa, OacTHesHTa U JP.; 
B) B HMX MPpHCyTCTByeT KOMMIeKC PeKHX 9JIeMeHTOB — HMOOUA HU TaHTala 
(B MIMpoXxsope, WIbMeHUTe, CibeHe, OuoTHTe), THTaHa (B HJIbMeHHTe, PyTHUe, 
ocbeHe, OuoTuTe), PeAKHX 3eMeIb WepoBoH rpynnbl (B OacTHesHTe, YEBKHHHTE, 
OPTHTe, KabllvTe uM amature), Capua u CTPOHIMA (B CTpOHWMaHUTe, OapuTe, 
KaJIbILMTe WM allaTHuTe). 

UlenowHo Komnaekc Buutnesprx — Mapmenckux rop oO6safaer cmeyto- 
ILMMH OCOOCHHOCTAMH, OTMHUAIOULMMH ero OT YJIbTPAOCHOBHbIX — LJeJIOUHbIX 
KapOOHATHTOBIX KOMMJI€KCOB M1aTPoOpM: a) OH pacmosoxKeH B Mpeenax Ypasb- 
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CKoli reocHHKJIMHau, U (POPMHPOBAaHHe WIeOUHOH MHTPy3HH TECHO CBA3aHO CO 
CKal4aTocTbiO HW FeOCHHKJIMHAaJIbHbIM MarMaTH3MOM; BO3pacT HHTPy3HH MHaCKy— 
TOB HM2KHeKapOoHOBHIt (*); 6) CBAH3aHHbIe C HHM YJIbTPaOCHOBHbIe MNOpOAbl wh 
IeMOUHbIe MOPOMbl pla -yPTHT-HHOJIMT-MeJIbTeHrHTa OTCYTCTBYIOT, B) OTCyT- 
CTBYeT BECbMa XapakTepHad JIA KsaCCHYeCKUX KaPOOHATHTOBBIX KOMIWICKCOB 
TlaT@OpM OBaJIbHaxt topMa MACCHBOB M KOHILCHTPHYCCKH-3OHAIbHOe BHYTPeH- 
Hee CTPoeHHe; Fr) OTCYTCTBYIOT OOJIbLIMe OKaIH30BaHHbIe MACCHBbI KapOoHaT— 
HbIX OPO, HECMOTPA Ha OoblWloe OOWIee KOMMYECTBO THNOFeHHOTO KaJIbllnTa, 
cojlep2Kalleroca B UleJIOUHOM KOMIIJIeKCe. 

Stu ocoOeHHocTH OOyCJIOBIMBalOT XapakTep TeoJIOrO-TeEKTOHHYECKOrO po 
ABJCHHA KapOOHATH3alMH u OCOObIe YePTbI COCTaBa CHJIMKATHO-KaJIbIHTOBbIX 
MOpO, B KOTOPHIX OTCYTCTBYIOT JOJOMHT, KaPOOHATHI %Kese3a, OJMBUH U OOVIb~ 
Wwe KOJIMUeCTBA MAarHeTHTa HM MPHCyTCTBY!IOT aJIbOHT, HWJIbMeHHT, IWHpPKOH, 
CTPOHIMaHHT, YCBKMHHT, OPTUT, OapHHT H Ap. OnucaHHble CHJIMKaTHO-Kasb- 
IMTOBbIC MOPOLL, BOSHUKIUMe B PesysbTaTe THApOTepMaJIbHOTO Mpolecca Kap- 
6oHATH3alHH UWeJIOUHBIX MOPOA, AOKI ObITb, BHAMMO, OTHECEHbI K PeKOMe- 
TaJIbHOH KapOoHaTHTOBOl (opMalluH, HO OHH B TO Ke BpeMA OOMAaMaoT psOM 
BaXKHBIX CHelMpHyeCKHX YePT, NOSBOMAIOULMX CYHTATb UX OCOOOH pasHOBHy- 
HOCTbIO STOH dopMallun. 

Hameyaercs HeOOXOHMOCTb BbIeIeHHA JByX KpaHHHX THNOB Kap6oHaTu- 
TOBLIX NIPOABIeCHHH: nl aTPOPMeHHOLTO THI a — CBASAHHBIX C KOM- 
IWI€KCaMH YJIbTPaOCHOBHHIX — U[eJIOUHbIX NOPOA, NOABJIEHHE KOTOPbIX OOYCJIOB- 
JleHO ocoObIM THMOM muardopMeHHoro marmatu3ma (7,*°)—nu reocuH- 
KJ HHA bHOLrO THT a — CBA3AHHbIX C ULeOYHbIMH KOMMVJIeKCaMH Hecbe- 
JIMHOBbIX CHCHHTOB, MOABJICHHE KOTOPbIX OOYCJIOBNIeCHO TeOCHHKJIMHaJIbHbIM 
MarMaTH3MOM. 


VuctuTyT MuHepamorHu, reOoXHMHH {locrynus0 
WH KPHCTaJJIOXHMHM PeKUX 3JIeEMeHTOB 11 IV 1959 
Akaylemuu HaykK CCCP 


HWHMTMPOBAHHAS JINTEPATYPA 


1 JI.C. Bo pogauu, U3s. AH CCCP, cep. reon., N05 (1957). 710.5. Jfanpeues, 
JI. K. ToxapuuxKkaa, Martep. ko II Beecoto3H. nerporpaduy. copem., Tamkeut, 1958. 
31. HW. Ospunuuukos, Teoxumua, Ne 6 (1958). * IO. M. let umMaunn, San. 
Bceccio3H. MHH. o61., 84, Ne 2 (1955). © W. T. Pecora, Bull. Geol. Soc. Am., 67,Ne 18 
(1956). ® W. C. Smith, Quart. J. Geol. Soc. London, 119, Ne 446 (1956). 
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orxagn Akangemun nayx CCCP 
1959. Tom 128, Ne 5 


TPEOJOPH fT 


B. C. )KYPABJIEB u P. A. FA®APOB 


CXEMA TEKTOHHKH CEBEPO-BOCTOKA PYCCKOM MJIAT®OPMBbI 
(IT pedcmaeaeno axademuxom H. C. Illamcxum 4 VI 1959) 


K HacTosAllemy Bpe€MeHH B pe3ybTaTe paOoT MHOrHXx uccueqoBaTeeH, 
coOeHHO KOJIJICKTHBA FeovioroB H reo*u3suKoB YxTHHCKoro koMOuHaTa HU Komn- 
JeHellKoro reoulormueckoro yupaBJeHHA, HAKONWIHCb MaTepHaJIbl, MO3BOJIAIO- 
He B CBeTe HOBBIX JaHHbIX NMOAOKTH K BbIACHeHHIO rvlyOMHHOH TekTOHHKH I[le- 
OPCKOH CHHEKJIM3bI, 3AHHMAIONIeH CeBePO-BOCTOUHbIH BHeLIHHH yrom PyccKowt 
wiatdopmbl. B ero mpesenax TobKO Ha THMaHCKOM kpsxe H n-0. Kanuy o6Ha- 
XalOTCA JOKEMOPHHCKHeE MeTaMOpPu3OBaHHble NOPOAb! CKaqyatoro PyHAameuta, 
PopBaHHbie UHTpy3Hamu. CrpaTurpadua sTHX OoTNOKeHHH pa3spaboTaHa 
>. B. Munopagopuyem (°), 9. A. Kanp6epr (7), E. M. Jltorkesnuem (°),. 
). A. ComHuespim (°) u Apyrumu uccseqoBaTeAMH, NPHYeM H3 HX JaHHbIX AB=- 
TBYCT, YTO B paspese pudes STOH OOMACTH BHIJeAIOTCA [Be CepHU, PaseseHHbIe 
‘a TuMaHe pe3KHM YIVIOBbIM HecoriacHeM. 

Huan u3 9THX CepHi MeTamopd@u30BaHa CuIbHee, 4YeM BepxHaAa. Ona 
(peAcTaBeHa Pa3JIMYHbIMH, NMOAYaC CHJIbHO MeTaMOpd*H30BaHHbIMH CJIaHWaMy 
‘T XJIOPHT-CEPHUUTOBO-KBapPLeBbIX JO TpaHaT-OMOTHTOBbIX H aM@HOOJIMTOBBIX, 
MOLLHOCTbIO B HECKOJIbKO THICAY MeTPOB. Bepxuas cepusx HaunHaetca rpy6oob10- 
(OU HIM nopowlamMu HeOOJIbIIOH MOWHOCTH, MeCTaMH NepexOAWHMH B KOHTJIO-— 
MePaTbl C rasbKOH HuwKenexKkallux cuanwes. Haq HuMu OOBIMHO Mpocsex*KUBaeT- 
A TONMLa wWudepHbIxX caHueB (fo 2000 m), BHU3Y C NpOCcsOAMM KBaPUHTOB H 
<BaPUeBbIX MeCUaHHKOB, a BbIle C MpOCcOAMH KapOoHaTHbIx Nopoy. Bepxuaa 
IACTb C€PHH CIO%KeHA JOJIOMUTAMV, MPaMOPH30BaHHbIMH, HHOTa BOOPOcseBbI- 
MM U3BECTHAKAMH C MPOCJIOAMH KapOOHAaTHO-IVIHHUCTHIX CaHueB (1000—1500 m) 
f TUIMHHCTHIMH UW aJIeEBPHTHCTHIMH CaHuamMu (oKOIO 1000 mM). 

_ Tipu cpapuennu pudelickux ormo%xKennl Tumana C OJHOBOSPaCTHBIMH OTJIO- 
KEHHAMH CMCXKHBIX PCETHOHOB Noparkaer HX CXOACTBO C puceemM 3anaHOrO CKO- 
1a Ypana — IJomwyjosa xpsx%Ka u BamxkupcKoro noxuaTua. Huxuaa (yermac- 
Kaa) cepua TumaHa 61H3Ka NO XapakKTepy K CaHUeBbIM TOJUaM HHKHUX 

‘epuli pudbes BawiKupcKoro noxHuaTusa (}opMaTHHCKOH, Oyp3aHcKol). Bepxuelt 
epuu pudex Tumana Ha I[lomogopom Kpsxke oOTBeYaIOT paCCOJIbHHHCKas, 
€MHHCKaA HW HH3bBeHCKasA CBuTHI (1%), aHa BamikupCKOM NOMHATHM — KapaTaB- 
‘kad cepuad. B To Ke Bpema oTIO*KeHUA puder Kanuna nu TumMaHa kak dopma- 
IMOHHO, TaK H MO CTENM€HH M€TAMOpdv3Ma HM MOLLHOCTH NPHHWMMHAJIbHO OTIMUa- 
OTCA OT OTMOKeHuH pues WeuTpanbuLix yacreli PyccKkoli nuaTdopMbl, Haw- 
{alolluX TaM paspe3 ee ocagzouHoro uexa. B MocKosckolt cHHeKIH3e HX BO3- 
JACTHBIMH AHAOraMH ABJIAIOTCH MAJIOMOLIHbIe peqKuHcKue cyioHn, a B IlaueM- 
‘KOM TIporu6e — cepfo6ckan cepHsA M TOJULa HHKHEKPACHOUBeTHBIX NWecuaHH- 
‘OB (KABCPHHCKad CePA), MAKCHMaJIbHaA MOUHOCTb KOTOPHIX He MpeBbiluaer 
1100 m. Ilo crenenu u XapakTepy HCNOWMPOBaHHOCTH, No Wupokomy AManasoHy 
‘OCTaBa MPOPHIBaIOWMX HX HHTPy3uH oTIOKeHuA pudben Kannna uv TumaHa Tak- 
Ke HHYeEFO He MMEIOT OOIero C OTMORKeHHAMM Pues WeHTPaJIbHbIX YacTeH pyc 
‘KOH mulaTPOpMpl. A 

Or KayuHa KamHs flo JKexKuM-MapMbI CaHIbl YeTIaCcCKOH CepHH MOBce- 
MCCTHO HHTCHCHBHO JMCJIOUMPOBaHbl, MPHYeM B HHX Pa3BHTa H30KIMHAJIbHaA 
‘KaLYaTOcTh H KIMBaxK, CeKYILMH NepBuYHYIO cuoucTocTb. B oTmo0x*eHUAX BepXx- 
eli cepuu pudea Tumaua Ha 3anajye HaOoOalorcaA KPyNHble, 3auacTylo CyHAyu- 
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HbIe CKIaIKH C KPyTOMaalouluMN KPbIIbAMH, CMCHAIOUMMeCA K BOCTOKY Gores 
peskumu cksaqKamn (7,° °, %74?). 

Ha KanuHoM KaMHe B YeTMaCCKOH CePpHH MPOCJeKUBAIOTCH CHJIJIbl OPTOAM 
(puOOHTOB, yYaCTBYIONHe B CKakYaTOCTH, HHTPy3HH CepbIX H Ooee MOMONBIX 
PO30BbIX, TpaHHTOB onameosoHcKoro BospacTa, MerMaTHTOBble H KBaplleBo 
MoseBolmMaToBble *uHbI (*). Ha TumancKoM KaMHe CJlaHIbl MPpOpBaHbl HHTPy 
3HAMM TaOOpo, AMOPHTOB, HucpeMMHOBHIX UeIOUHbIX, HOPMAJIbHbIX HW KBapleBbh 
CH€HHTOB HM TpaHHTOB, KBaPIeBbIMA XKMIaMH HM XKWIAMH JaMMpOPupoB HM alin 
tos (°,11). Ha UermaccKoM KaMHe B CaaHWax HaOwofaloTcA MHTPy3Hu Wle04 
HbIX, IIPCHMYILeCTBEHHO 3THPHHOBbIX CHCHHTOB HM COMpOBO*RAalollNe HX MKHJb 
JIaMIIpotbupoB H KBaplleBple 2KuvbI (1,4). B roro-BocrouHom I IpuruMaHbe CkBaxKu 
Hamu Ha Repxueli Uyru, B Bepxoppax Mxkmer u Ha Huknelt Ompe BCKPbITb 
TpaHUThIl, KBaplleBbIe MOHLOHUThI H CHeHHTbI, IPOCTHPaHue KOTOPHIX, Kak HM pa 
Hee YHOMAHYTHIX HHTPY3HBHBIX Te, COBMaaeT C OOWMMM MpocTHpaHHeM CKJay 
yaTOH CTPyKTYpbl. 

Ilo mouHocTu oTM0x*KeHuA pucbex Tumava O1u3ku K JoopqoBHyucKuM (pudekt 
CkKHM) oT02%KeHHAM IIpunonapHoro uv IlonmapHoro Ypana, Ho PopMallMOHHO Cy: 
WeCTBCHHO OT HUX OTMYaIoTcA. B paspese pudbex IIpunomapxoro u Ionapnore 
Ypama, ocoOeHHO B BePXHHX UacTAX efO, CYWIeCCTBEHHaA POJb NPHHaerxku’ 
BYJIKaHOreHHbIM mMopoyaMm. Tak, BeHYalolad paspes pudbexA BepXHAA YaCTb MaHb 
MucKOH cBuTpI (7) uM cepua [lenqupma-ne (*) mpekcraBseHa mepeclaHBaHHen 
nopdupuros, ambOuTodupos, cmaHuep HM mecuaHukoB (fo 2000 mM). Xapaxrej 
9STHX TOM, MOKa3bIBaeT, UTO OHM HaKallJIMBaIMCb BO BHYTPeHHeH 30He TuMaHo: 
YpasbcKol TeocHHKIHHaIM (B 9BreocHHKIMHaIN). B oTsM4uHe OT HHX OTIOKe 
Hua pudex Kanuya, Tumaua, Ilomojospa kpsxKa uM BaurkupcKoro noqHATHA 06 
pasoBaJIuCb BO BHellIHeH 30He 3TOH TeocHHKMHaIM (B MMOreOCHHKIMHAaIH) 

TakuM oOpa30m, Ha ceBepo-BocToKe PycckoH nuaatTpopmMbl ee dyHamMeH: 
ABJIACTCA PASHOBO3PaCTHBIM: K loro-3anayly oT Tumaua, rye pudbeH BxouNT B coc 
TaB OCaOUHOFO YexIa, OH APXeHCKHH HM KapembCKHH, a Ha Tumaue uv K CeBepo 
BOCTOKY OT Hero — OalikasIbcKuh. 

CrpoeHue HW cocTaB dbyHaMeHTa OMpeseAIOT XapakTep PerHOHaIbHbIX Teo 
(busu4ecKHX MoeH ceBepo-BocToKka PyccKoH mmaTMPOpMbl, KOTOPble OTJIM4AlOTCS 
3OHAJIbHbIM CTPOeHHeM H TipeoOaqaHHeM ceBepo-3anaHbIX MpocTHpaHuli oc 
HOBHbIX IOJIOCOBbIX 30H TpaBHTalHOHHbIX HM MAaTrHHTHbIX aHomMasHi. A9pomar 
HuTHad cbemka ATa, BpimomHeHHad B 1954 r. P. A. Tadapossim or CuOupeKors 
reou3suyeckoro Tpecra, MOKa3sasa, 4TO K loro-3anayy oT TuMaHa MpocsexuBaerTCs 
IIpuramancKkas 30Ha aHomasHi. Ha cepepo-BocToke OHa rpaHH4HT C OOMIMPHBID 
TuMaHCKHM MHHHMYMOM, OXBaTHIBaIOlMM THMaHCKH KpaAxK WM 3anasHyto vacT 
TleyopckoH cuHeksusbl Jo Tleyopckxoli rpaqer Ha ceBepo-BocToke. B BocTouHol 
yacTH 9TOM CHHeKsu3bI, B IIpenypanbcKom mporuGe uv B 3anagqHol yactu Ypanb 
CKOH CKa¥aTOH CHCTeMbI Pa3BHTbI JIMHeCHHbIe AHOMAIHU, MPpOCTHpaHHe KOTO 
PbIX IPH LBW*KCHHM Ha CeBePp H3MeHAeCTCA OT MePHAHOHAJbHOTO Ha CeBepo-3a 
maqHoe. OTH aHOMAaJIHH OOPasyIOT CLMHYIO AHOMAJIbHYIO OOACTh, pesko paculiM 
pxlollyiocd B BowbiuesemesbCKOH TYyHIpe. 

MuoreocuHKJIMHaJIbHble OTMOKeHHA pucea, OOHaxKaloulMeca MO 10ro-3anal 
Hou nepudepuu TleyopckoH CuHeKJIM3bI BO B3O6POIeHHbIX KPaeBbIX “acTs: 
HaKJIOHHBIX OJIOKOB, OOpasyiollux CoBpeMeHHbIli Tuman, mpakTu4uecku HeMar 
HHTHbI. OOslacTb HX pacnpocTpaHeHHA O¥YepuHBaeTca TuMaHCKHM MHHMMYMO! 
MarHHTHOFO NOJIA, a MHTPY3HH H3BePXKeHHBIX NMOpoA B cocraBe cbyHAaMeaT. 
(PHKCHPYIOTCA JIOKAJIbHBIMH MA@rAHTHbIMH MaKCHMyMaMu. JluHeiiHble MarHuTHBI 
aHoMasuu BosbiieseMesbcKol TYHAPbl OPHeHTHpOBaHbI B CeBepo-3allaqHo! 
HallpaBJieHHw WU, MO-BHAMMOMY, OTPaxaioT OCHOBHbIe MpocTHpaHuA rs1y6oK 
MOrpy2KeHHOro CKalyaToro PyHaMenTa, O6pa30BaHHoro MOLHBIMH TOJULAMH Mal 
HUTHDIX NOpod. Ha mpocrupanuu 9THX aHoOManuii ua [IpunonspHom u Tonapuot 
Ypase pacnpocrpaveHbl 9BreocHHKMHAIbubIe cbopMalluu pudesx, B KOTOPbIX 
Kak 970 BrepBble MofmMeTu H. I]. Xepackos (1955 r.), oryersMBo OULyuLaloTC 
ceBepo-sallaqHble MPpOCTHPaHHA, He CBOHCTBeHHbIe repuuHCKoMy Ypauy. 

Takum o6pa3om, ckslaquaTplit dyHnament Tleyopcxoli cuneksu3br, o6pas3o 
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BaHHbI OalikambcKoH ckKmauaTocTbIo, Heo,HoposeH 0 BelCCTBeEHHOMY COCTa- 
BY HM lpeAcTaBseH OcaounbIMu (opMalluAMU PudelicKoro Bospacta Ha 3anaje 
H BYJIKAHOreHHO-OCaOUHbIMH (OpMallHAMM TOTO %Ke BOspacTa — Ha BOCTOKE. 
paHulla MexkAy oOOacTHaMu UX pa3sBHTHA Hameyaetca Mapr-Gnkurmuckum 
[leyopckumM TIOOCOBBIMA M@KCHMYMAMH CHJIbI TAXKECTH UM PesKoH CMeHOM mar- 
HUTHBIX momel. 
| Ora ocoOeHHOCTH cCTpoeHHA cKJaquaToro dyHamMeHTa ceBepo-BOCTOYHOFO 
BHelwHero yraa Pycckol natTpopMb! Opi HameyeHp euse B 1946 r. H. C. MWar- 
rKuM ("), a Temepb NOMYYHIM MOHOe NOATBep2xeHue B HOBOM FeoslOrM4ecKOM 
H reopusuyeckom Matepnae. MmMenHo OHH H ObIIM NOMOXKeHbI B OCHOBY Mmper- 
flaraeMOH HaMH CXeMbI TEKTOHMKH CeBepo-BocToKa PyccKol muaTdopmpl (puc. 1). 
Jlanuple reoorMu, rpaBUMeTPHH, a Tak%Ke pacuerTpl riyOuH Ao moBpepxHocTu 
MarHATOBOSMylilaioulax Macc (BEIMOHeHHEIe P. A. Padapospim) no3sBousI0T BbI- 
HBHTb CTPoeHue MOBePXHOCTH yHaMeHTa IaTpopMbl, ompekemAfoulee cTpyK- 
rypy ee mmatrpopMeHHoro Yexwa. 
| B wro-3anaquom IIputumanse, emule Ha Jopudelickom (byHJameHTe, mpocue- 
WKUBAeTCA IIputumauckul mporu6, orpaHu4eHHbI c toro-3anaya momorumu 
1OMHATHAMM KapewbCKOrO uM apxeHckoro yHaMeHTa, a C CeBepo-BOcTOKa — 
pyTbimu O20Kkamu Tumaua. B tro-BocrouHom IIputumanHbe Ha JUMCJIOWMpoBaH- 
BIX MOpoax pudex c pe3KHM YIJIOBbIM HecorjacHeM 3aseraloT NOPObI WXKMa- 
VMPHHCKOrO KOMMIeKCa (BO3MOXKHO, aHaJIOrM BepXHeOaBJIMHCKHX OTJIO%KeHHH), 
{auuHatollue paspe3 ocagounoro yexsa IleyopcKoh cuHeksmu3pl. B 30He Herwy- 
POKOO 3asleraHud ee PyHAaMenTa B OCaOYHOM Yexwe PasBUTbI JIMUb NoorMe 
smaTPoOpMeHHbIe CKIaqku. Or TuMana noBepXHOCTb (byHAaMeHTa NMosoro norpy- 
KaeTcad Ha ceBepo-BocToK K IleyopcKol rpaqe, M TOJbKO K 3amally OT HH30BbeB 
». [levyoppt Ha cone 9TOrO NorpyxeHuA OOocoOmAeTcA KpymHoe Hapbsan-Map- 
{kOe MOAHATHe, K KOTOPOMy UpHHayexuT u o. Konmryes. B 30ne Teyopcxoli 
ipapt (byHamMeuT pe3ko morpykaertca (oT 4 Wo 6 kM) Ha ceBepo-BocToK, kK JeHu- 
joBckomy mporu6y. B BowpuiesemenbcKoH TyHApe OH Mpocse*KuBaerca Ha Py- 
buHax OKOO 5 KM Ha KoBaMHCKOM MoHATHH uM 4—5 km O1M3 rpaq UepHpriutepa 
- UepHosa, orpaHu4uHB 'OllMxX ceBepHbe BiauHEl IIpeqypanbcKoro KpaeBoro 
rporu6a. 
B IIpeqypambckom kKpaeBoM lpornOe BbIeiseTcaA pA rayOokux BlaquH, 
ja3eeHHbIX MOmepeyHEIMu nosKaTHAMH TlomofoBa KpsxKa, THMad3CKuM, 10%K- 
ol uacru rpayqe1 Uepupiiiepa, BocrouHol uacTtu rpsyel Uepuosa u Ilaii-Xoem. 
)MMaH3CKOe MOMHATHE JeKUT Ha IPAMOM MpofosKeHHH T1yOHHHOrO pa3vioma, 
OTOPbIH Ha 3HaYMTeIbHOM MPOTAXKeHHM CoBMaaeT C 30HOH pa3lema MHO- u 
BPeOCHHKIMHAJIbH SIX cbopmalu pudex u K KOTOPOMY MpuypoyeHa cucTema 
CHMMCTPHUHBIX MiaTdopMeHHbIx cKaqoK Tleyopcxok rpaqp. Pacnomaratoulne- 
K ceBepy OT NOAHATHA 1OKHOM yacTu rpAqe UepHpliilepa ceBepHble BNaQMHbI 
[peqypanbcKoro mporu6a — Muatunckaa, Koporanxuucxaa u Kapcxas — 
puHaneKkaT yoke MepHKJIMHaIbHOMy MpornOy, pasBHBLeMyca Ha CeBePHOM 
orpyxeHuu Ypamuy. 
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TEOJIOPHA 


3. A. KYPABJIEBA, Ba. A. KOMAP u H. M. 4YMAKOB 


CTPATHFPA®HYECKHE COOTHOWIEHHA MATOMCKOLO 
KOMMJIEKCA C OCAXOUHbIMH OTJIOQKEHHAMM SATIAMHOFO 
M CEBEPHOrFO CKJIOHOB AJIQAHCKOFO WIMTA 


(IIpedemaeneno axademuxom H. C. Ilamckum 27 IV 1959) 


Ha oxpauHax Ilaromexoro HaropbaA HWXKHHM KeMOpHH NOACTHaIOT MOLLHbIe 
HeMbIe TOJILM, KOTOPbI€e MPHHATO Ha3bIBaTb NaTOMCKHM KOMIWIeKcoM (°) HK 
cepneli (7). Ilo noBofly cooTHomeHH STOTO KOMIJIeKCa C OCaOUHbIMH OTJIO2%KE- 
Huamu AjaHckoro WHTa B JMTepaType uMeloTCA Be TOUKH speHHA. IIpeobna- 
ylaeT MHeHHe, YTO TaTOMCKHH KOMIMJIeKC ApeBHee TOJIOHHCKOHM CBUTbI — Oa3aJib- 
Holi CBUTbI KeMOpua Ha AufaHcKOM WuTe — MH MpelcTaBsAeT CaMble HHKHHE 
ropu30HTE! KemOpna (4,8,°), cuHui (*) HM BepxHul nporeposoli (*,’,7°). A. K. 
Bo6pos (2), HampoTuB, CuHTaeT MaTOMCKHH KOMIIJICKC CHHXPOHHYHbIM HHKHeM 
NOJIOBMHe TOJOHHCKOH CBUTbI. TakHe MpOTHBOPeYHA BbISBaHbI TEM, YTO JIHTO- 
JIOTHYeCKH Pe3KO OTIIMYHBIe OTIO*KeHHA [laromcKoro HaropbsA H 3anaHoro CKJIO- 
Ha Aujanckoro wuTa pasobmeHb! BepesoBpcKoH BuaXHHOH, BbINOJIHeCHHOK 6o- 
JI€@ MOJIOJLIMH OTJIORKCHUAMH, H YTO COMOCTABJIeHHe UX MPOM3SBOAHIOCb MO KoOc- 
BeHHbIM J\@HHbIM. ; 

Hamu Bp 1956—1957 rr. Opa npeqMpHHATa NOMbITKa yBA3aTb paccmaTpH 
Ba€MbIC OTJOXKEHHA NYTEM HEMPePbIBHOTO MPOCMeKMBAHHA CBUT BUOJIb KPbwIbEB 
MW 1OKHOH WeHTPOKMMHAIK BepesosckoH BnaquHbl. Ota 3ajava OKasaslacb Ocy- 
WeCTBHMOH, TaK KaK JIMTOJOrMYeCKHe H3MCHEHHA HE MPOWCXOAAT B OJHOM Ka- 
KOM-JIHOO MecTe, iO. BCeMy CTpaTHrpaduyeckomy paspesy cpa3y, a IIA pasHpix 
CBHT rpaHUl{bl CMeHBI (pallMH pacnomaralorcA B pa3HbIX MecTax (cM. PHCYHOK 1). 

THMMYHBIM pa3spe30M MaTOMCKOrO KOMIMVJICKCa ABJIA€TCA paspe3 HHXKHEFO 
HW cpewHero TeyeHua p. PKyu, coctaBmeHHpi B. H. Maxaeppim vu onucaHHpiit 
B TlocyleqHee Bpema B. K. Fonopenkom (*) 4 Hamu (17). 3gecb nog dbayHucTHYuecKH 
OXapaKTePH30BaHHOH SJIbrAHCKOH CBHTOH JIGCHCKOrO Apyca cOrmacHo 3ayeraioT 
MeCTPOUBeTHbIe NOpOAb! loekeHckol (NecTPOUBeTHOH) CBUTbI, YePHbIe H3BeCTHA- 
KH, JOJIOMHTbI H KapOOHATHbIe OPeKYHH THHHOBCKOH CBUTbI MH KBaPUMTOBHHBIE 
neCuaHHKH %KepOuncKol cBuTHl. Ha BoctrouHom cKsione AnaHcKoro WTA cTpa- 
TurpaduyeckuH aHasor toefelickol CBHTbI — necTpollpeTHad CBuTa — cojep- 
KUT (bayHy alaHcKOro Apyca Hu%KHero KeMOpHs. THHHOBCKaA uv KepOuHCKas 
CBHTbI OOJIbIIMHCTBOM @BTOPOB OTHOCATCA K aJIaHCKOMY APycy HHKHErO KeM- 
Opus ycvIoBHO. HuxkeexKalllve OTIOXKEHHA, BbIJeIA€MbIC B WATOMCKHH KOMIMVIeKC. 
PacUeHAIOTCA Ha PA], CBHT, MOCeJOBAaTeIbHOCTh MH COCTAB KOTOPBIX MIPHBeLer 
Ha pucyHKke. Ha pp. Xagaxan u B. Bannaranax, no JanHpm T.I1. Kannosoit 
HW2KHAA YaCTb MaTOMCKOrO KOMIMVIeKca — OasllaraHaxcKaA CBUTa — Cc 6a3asb- 
HbIMA KOHIVIOMepaTaMH B OCHOBaHHH JIOMKHTCA Ha TOMULY KpucTanMyuecKkH? 
ClaHleB, KBaPI\HTOB M KOHTJIOMepaToB CpefHero mpoteposos. MouHocrb Bepx 
Hel M€CYaHHKOBOH YacTH OalaraHaXxCKOH CBHTbI MO3KHO OWeHHTb B 2—2,5 Km 
a HWXKHeH KOHIIOMepaTOBOH — B HECKOJIbKO COT€H METPOB. 

K toro-Boctoky or p. )KyH 2%kepOuHcKas CBUTa H BePXHHe TPH CBUTbI 1aTOM 
CKOrO KOMIWIeKCa, YMCHbIaxiCb B MOULHOCTH, HO COXpaHaAd NpexkHHli HTOOTH 
YeCKHH COCTAaB, MpocmeKuBaloTcA Yepes OacceliH p. Uenun, rye on BHINOT 
HAIOT APO KPyNHOHM CHHKJIMHAJIM, B OacceliH p. Orrax u Janee, Jo p. Joxenun 
bl. SHAYMTeIbHbIC H3MCHCHHA Ha 9TOM y4aCTKe MperepmeBaer BasIOXTHHCKAa: 
CBHTA, ClO2%KeHHAA TIMHMCTbIMM ClaHiamu. B Bepxuel uacru ee, Ha p. Uenue 
CHauasla CHJIbHO YBCJIMUMBaeTCA MOLWIHOCTb MavKH JOJOMNTHCTHIX [IHHMCTBI: 
CJlaHUeB, a 3aTeM, B BePXHeM TeyeHuH P. Orrax, CBUTA NOJHOCTHIO gameulaere: 
KOPM4HEBATO-CePbIMA HM CePbIMH JOJOMHTAMM MOLLHOCTLIO OKOIO 500 M, BEINE 
4026 


N€HHBIMH HaMH B C€HbCKyIO CBHTY. CHHXPOHHUHOCTh STHX JOJIOMHTOB CAaHlaM 
BAaJIOXTHHCKOH CBUTbI XOPOWIO MOKa3bIBaeTCH UX CTpaTHrpacbHyecKHM MoOsOKe- 
Me€M, TaK KaK Ha M€PHMOHAJIbHOM OTpeske CpeflHero TeveHnsA p. JLKeHHLbI, 

ARPE MOMOTOM auTHKJIMHAaH, OHM 3aleraloT MeX%KLY THNMYHBIMH YePHbIMH 
MSBCCTHAKAMH OapakyHCKOH CBUTbI H XaPaKTePHbIMH NeCTPbIMH MepreJAMM 
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(CXeMaTHYECKHH CTpaTurpaduyeckuh npousnb yvepes socTrounyro oKpauny TlaToMckof cKaquaTon BOBnK 
H sanaqHblh cknoH AsfaHcKoro UHTa. | — NATHHCTbIe HSBECTHAKH H XKENTOBATLIE FONOMUTH! c dhayuok 
(rpH106uTOB UM Opaxuonogz; 2 — necTPOUBeTHble AOJIOMUTHI H MEPresiH, HSBECTHAKH; B OCHOBAHHH MecTpple 
MOJIOMHTOBbIe NecuaHHKH; 3 — TEMHO-cepble HW YePHble OHTYMHHOSHbIC, KABEPHOSHbIe H3BECTHAKH, JOO 
IMHTbI H UX OpekyHH; 4 — KOPHUHEBATO-cepble M CepHe, yacTO CryCTKOBbIe H BOAOPOCEBLIe AOMOMUTHIS 
b — rwiayKOHHTOBble NecuaHHKH; KBapleBble, CJIMBHbIe Ha Sanagze, FOJOMUTOBbIe, KBapi-NoseBOWNAaTo= 
BbIe HA BOCTOKe; 6 — cepble H NecTpbi€ OOHTOBbIe, pexke BOROPOcseBble H3BECTHAKH; 7 — cepbie mecua- 
HHCTLIC H3SBECTHAKH; 8 — CBeTIbIe, CyTyPHOBble, aaHHTOBble, BOJOPOCIeEBbIe H Pee OOHTOBbIe H3BECT* 
HAKH; 9 — TOHKOCJIOHCTHIe, 3€NeCHbIE H KPaCcHO-Oypble H3BECTKOBO-rJIMHHCTbIe CaHUb H MeprenmH; 10 — 
epHble H TeEMHO-Cepble PIHHUMCTHe HW PHJINUTOBHAHBIe cuaHUbl; J} — Ha sanafe — yepesoBaHHe OI0e 
IMMTOB, NMeCuaHHCTHIX JOJOMUTOB, AOJIOMHTOBbIX NMe€CYaHHKOB HU MeCuYaHHKOB, BOCTOUHeEe — CJIHBHbIe mecuas 
MKU, C KOHTIOMePpaTOM B OCHOBaHHH; /2 — yepHble HW TeMHO-cepble Naxyyve KpHCTaNmHYecKHe UH adaHue 
TOBbI€, YaCTO OHKOJIMTOBbIe H3BECTHAKH, HSBECTKOBHCTbIe (Ha BOCTOKe — AOJIOMHTOBbIe) cuaHUbl; /3— 
<Bapl-NOJIEBOWNMNATOBbIe Me€TAMOP@H3OBaHHbIe NecuaHHuku; /4 — KoHTOMepaTHl; 15 — KBaPUWHTbI HW KPH* 
TasHueckKHe ClaHUbl; /6 — rHelicbl! H rpaHUTbl Ha npodune: I — wxyuucKasn cBuTa, IJ — cenbcKan 
eputa, /// — kyMaxymaxcKaxw cBuTa, IV — HuYaTCKaA CBHUTAa 


UKOJIbCKOH cBUTHI. UacTHuHOe 3aMeMIeHHE BaJIIOXTHHCKUX CJIaHIeB U3BeCTHA- 
KaMM WM JOJIOMHTAMM OTMeUaeTCA Take Ha CeBepHOH OKpanuHe IlaTomcKoro Ha- 
rOpbsa, B mpesenax YpnucKoro anTuksHHOpuaA (2°). 

| BapakyHckas, Oy yHXTHHCKan WM MA@PHHHCKaA CBHTbI K IOPO-BOCTOKY. OT 
D. Kyu CHJIbHO YMeHbIUAaIOTCA B MOLLHOCTH, B HHX MOCTeMe€HHO HCuesatoT Mec- 
aHHKH, a POJIb U3BECTHAKOB yBeMuMBaeTca. B BepxHem Teyenuu p. JKeIMH- 
bl STH TPH CBUTHI CJIMBAIOTCA B CMMHY!0 TOJILMY MIHTYATbIX YCPHbIX H3BECTHAKOB, 
OJIOMHTOBBIX H TVIMHHCTHIX CJIAHILEB, MOLIHOCTbIO He MeHee 300—400 Mm, Ha- 
BBaHHYy!O HaMH KyMaxyJlaxckoli cBuToH. Bepxuas, mecuaHuKoBas, YacTb Oassa- 
raHaxCKOH CBHTbI B palioHe p. ByabOyxTp u p. Venu cpe3aHa KPYyMHbIM pa3vio- 
MOM, 110 KOTOpomy OapakyHcKas, a MecTaMH OyKyHXTHHCKad MW MapMHHCKasA CBU 
bl KOHTAKTHPY!OT HeMOCpeACTBEHHO C HM2KHEeH YacTbIO OasaranaxCKOH CBHTHI, 
IpelcTaBseHHOH KOHTIOMepaTaMuM uw mecuaHHKamMH. Konraomepartl. C10%KeHbI 
COTCOPTHPOBaHHOH TaJIbKOW HM BaJlyHaMH TPpaHHTOB WM KPHCTAaJIJIMYeCKUX CJIAH- 
€B, PaCCeAHHbIMU B MeCYaHO-rIMHHCTOM WemeHte OHM TPaHcrpeccMBHO 3auie- 
ralor Ha Tove KBaPUMTOB HM KPUCTaMMYeCKUX CaHIeB CpesHero (?) mpoTepo* 
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309, IPOpBaHHbIX TpaHutamu. KouraomepaTsl H CBA3AHHbIC C HMMM NeCdaHuKh 
mpociexenst H. M. WapoSoxossmm, A. A. MawpiuiepbiIM H HaMM JO BepxHerc 
reyeHua p. J>KemMHaH, re OfpaHudnBalo uu UX pa3sJIOM 3aTyXaeT H MOXKHC 
OTUeCTIHBO HaGwl0LaTb MOCTeMeHHbIM MepexoA KOHTIOMePaTOB BBEPX IO paspesy 
B aHanor OapakyHcKoH, OyKyHXTHHCKOM HM MAaPHHHCKOM CBAT — KyMaXyJlax- 
CKyl0 CBUTy. OTH AaHHbIe MO3BOAAIOT 3aKMIOUHTb, ITO Ha p. [xKeMHe KOHTO- 
MepaTbl HW MeCYaHHKH, BbIAeeHHbI€ HAMH B HHYATCKY!0 CBUTY, OTBeYalOT BCeL 
6aaranaxckoli cBute p. )Kya. Moutuoctb HuyaTcKoH CBHTbI B 3TOM paHoHeE 
oKo0 700 M. 

K Boctoky oT p. J}KenMHbl MaTOMCKHH KOMMJIeKC MOCJeAOBAaTeJIbHC 
mpociexkeH uyepes GacceiiH p. Boraioxtst, 03. Huyarky u p. Cetb Jo cpeq 
Hero TeyeHua p. Uappt. 3a ucKmioyeHuem BoraioxTbl BO BCeX mMepe4Hc- 
JICHHbIX paloHaxX MOpObl 3aeraioT OYeHb MOJIOrO, MOHOKJMHAJIbHO Malad nod 
yI'JIOM B HeCKOJIbKO rpagycoB kK ceBepo-3sanagy. BeseqcTBHe sToro crpaTurpa- 
(buyecKHe B3aMMOOTHOUICHHA 37eCb YCTaHaBJMBaloTCA OCOOeHHO OTUETJIMBO. 
Ha yuacrke or p. JKemungbl Wo p. Uapbl ctpoeHwe MaTOMCKOrO KOMILJIeKCa 
mouTH He MeHsetca. [IIpoucxoquT Mlb JambHeMwiee yMeHbUleHHe e©o 
MOUIHOCTH, H B HMxKHeH MOMOBHHeE CeHbCKOH CBHTbI, B paHOHe yCTbA 
p. CyxoH Kymax-Yaax, MOABJIAIOTCA MHOFOUHCJICHHBIe MpOCOH KOCOCIO- 
HCTbIX [eCUaHHCTHIX JLOJIOMHTOB, JOJIOMMTOBbIX TIeCYaHHKOB HM MeCYAHHKOB. 
Ha p. Uape, some ycrpa p. Moxppia Kymax-Yaax, maToMcKHH KOMI- 
JI@eKC JIOKUTCH Ha apxelickue THelicbl HM [TpaHHTbI. ITO OOCTOATeMbCTBO 
CKa3bIBaeTCA Ha COCTaBe KOHIIOMepaTOB HHYaTCKOM CBUTbI B CTOPOHY mpe- 
oOaqaHuA B HUX TambKu THelicoB Ha rpaHuTamu. OrTjoxKeHHa, MOKPbIBalo- 
ulue NaTOMCKHM KOMMeKC, pa3sBuTpI Mo p. Uape, Huxe ycTba p. Topro Uap- 
ckoe. Ha meBom Boflopa3qene mpuycTbeBow uactu p. Topro UapcKxoe nosoro 
HaKJIOHeHHbIe Ha CeBepo-3alla CBeTJIbIc aPaHUTOBbIe, OOJHTOBbIe, BOLOpocsme- 
BbI€ HW [IMHMCTbIC H3BECTHAKH BEPXHe YaCTH MATOMCKOFO KOMMMeKCAa, BbIeueH- 
HbIe HAMM B TOPrHHCKy!0 CBUTY *, MOKPbIBalOTCA 2Ke/ITOBATO-CepbIMH, CJIMBHbIMH, 
KBapUeBbIMH MeCYaHHkaMuH %XepOwHcKOH cBuTbI. Bowe mo paspesy 3aseratot 
XapaKTepHble KaBePHOSHbIe H3BCCTHAKH, JOJIOMUTbI A OPeKYHH THHHOBCKOH CBH- 
Tol. Ha Apyrod cropoue Jouuubl p. Topro THHHOBCKad CBUTa MOKpbIBaeTCA MeCcT- 
PpOWBeTHbIMH MOpoaMA tOceHCKOM CBHTbI, Ha KOTOPbIe B CBOIO O4epeb Hasleraert 
(bayHUcTH4eCKM OXaPaKTepH30BaHHaA IIbIAHCKAA CBHTa JIeHCKOrO Apyca. 

JlaibHeHlime H3MCHeCHHA B ONMCAHHbIX OTIOXKCHHAX HaOMOMaloTcaA B pase 
pa3pe30B Ha MexKypeube pp. Uapa u Toxxo. Ha mpasobepexbe p. Uapa Kon- 
TOMePaTbI HHYaTCKOM CBUTbI, YePHble MIMTYATHIC M3BECTHAKH M C/aHUbI KYMa- 
XyMaXCKOH CBUTbI BbIKJIMHMBAaIOTCA, HM HeMOcpeACTBeHHO Ha apxelickue NoOpogpl 
AO*KAaTCA KBaplleBble MeCUaHHKH HW MeCUaHHCThHIe AOMOMUTHI BbILMeTexKalleH CeHb- 
cKOl CBUTHI. OTa cBuTa Oe3 CyIeCTBCHHBIX H3MCHeHH MpocuexuBaertca Jo p. ToK- 
KO. OovlMToBble, BOMOPOCeBbIe M TIMHUCTbIC H3BeECTHAKH TOPIMHCKOH CBUTB 
mpocuexKuBaioTca Ko rombya Mypyu. Bocrouuee, B uctoKax p. Topro, TOKKHH- 
CKMWe W3BeCTHAKH BePpXHeH YaCTH TOPrHHCKOM CBUTbI 3aMeULalOTCA 2XKeTOBATO- 
CePbIMM TOHKOSEPHUCTBIMH HW BOAOPOCMeBLIMH AOJIOMHTAMH, C IpocnOAMH BOJO- 
poculeBbIx H3BecTHAKOB. IlokppiBatouMe NaTOMCKHM KOMMIeKc %KepOuHCKHe Tec: 
4YaHUKU YMCHbIlaloTCd B MOWIHOCTH Jo 30 M, a B HX COCTaBe NOABJAIOTCA OO0M- 
KH MOeBbIx wmatToB. IlocreneHHoe yBeM4eHve POM NONOMHTOB HaGwOZaeres 
Tak2Ke B THHHOBCKOH CBUTe, OONbWaA YaCTb KOTOPOH K p. ToKKo 3ameltaeres 
KOPHUHEBATO-CePbIMH CKPbITOKPHCTAJIMYeCKHMH, YaCTO BOZOPOCeBLIMH JOJO: 
mutamu. MspecTHaku u OpeKuMu, XapakTepHble AA THHHOBCKOH CBUTHI, COXpa: 
HAIOTCA JIMIMb B OCHOBAHHH HM B BepXHeH ee uacTu. lOeselickaa cBuTa Ha MexKy: 
peube pp. Uappi u Tokko coxpalijaerca B MOUIHOCTH, HB Heli yMeHbIlaerca pout 
M3BeCTHAKOB. CpefM OCbINM NOpok STO CBUTbI Ha p. TOKKo HaliqeHbI apxeolua 


TI. [Oeqelicky10 CBUTY NOKPBIBaIOT MATHUCTHIC H3BECTHAKH U JOMOMHTHI JICHCKO 
ro sapyca. 


R 
Ilo ctpaturpaduyeckomy o6beMy TOpruHcKad CBHTa OTBeYaeT HHKOABCKOH, alAHUCKoli 
H XOJIBINCKOH CBHTaM, 
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Viz npupexenHol xapakTepucTHKN paspesa EYLHO, TOL B TONMLe OCalOUHBIx 
NOpo, NocTuarouMx wefelickylO CBHTy Ha p. Tokko, mpeoOnagator pasnu- 
HHbIC JOJIOMHTHI, XapakTepHbie Avia paspesop AwaHcKoro WimTa; Noposbl xe, 
|CBOHCTBCHHbIE NaTOMCKOMY KOMMJI€KCY, OOpasylOT B HHX pe3KO HOYHHEHHbIE 
jnauKu. Tlostomy paspes p. Tokko merko yBa3biBaeTcA c paspesamu Jpyrux 
paHOHOB 3amaQHOro HM CeBepHOro ckOHOB AsfancKoro muta. Wenelickan cButa 
|p. Tokko CooTBeTCTByeT OLHOMMEHHOH CBUTE p. OneKMbI H «MeCTPOUBeTHO!» CBU- 
| Te CeBepHOTO CKJIOHa MTA. Touta JOnOMHTOB, 3aMeCTHEWWAA THHHOBCKYIO CBH- 
jTy, XOpoWo conocTaBuseTcA C NOpoxTaxcKoH cBuTOH p. Onekmbl u BepxHeli 
/4acTbIO TOJIOHHCKOW CBUTHI CeBepHOro cks0Ha (IV u V ropu3ontp M. I. Papny 
©). Hyxxenexkalium (kepOuHCKHM) NecuaHukaM Ha p. OvieKkme oTBeyaeT «cepa- 


\aXCKUH»> TOPH3OHT TlayKOHHTOBbIX NecyaHUcTbix Zoomutos A. A. Apcenbepa 
ju E. A. Hevaesoli (1) u-noxctusatouime ero necuaHukn, aB Apyrux paliopax— 
i cpenuss yacTb TOMOMHCKON cBuTHI (III ropusont M. I. Papuy). Tonma nopog, 
jsaueraioulas Ha p. Tokko Mexy STHMH NeCuaHHKaMH HW apxXeHicKuM cbyHaMen- 
{TOM (aHaylor XKYHHCKOH HM C€HbCKOLi CBUT), COOTBETCTBYE€T AHKAMAMHCKOH CBUTe 
] p. Onekmbi* 4 HYKHeH YacTu TOMOHHCKON cBuTHI (I u I] ropusontn: M. I. Papny). 
TakuM oOpas0M, BepXHAA YacTb MaTOMCKOFO KOMMVeKCca, BKIOUaOlan Xo- 
JIBINCKYIO, AJIAHUCKYIO, HHKOJIbCKYIO HW BaJIIOXTHHCKYIO CBHTbI, CHHXPOHHUHA 
|HW2KHeH YacTH TOJOMHCKOH CBUTbI. OTO%xKeHHA, OTBeUAIOWMe HWXKHeH uacTH 
MaTOMCKOFO KOMIMVIeKCa, Ha CKOHaX AnfaHCKOrO WMTa OTCYyTCTBYIT. 

B HacTosllee BPeMA OObEKTHBHBIE KPHTePUH JA ONpPeAeeHHA HWKHEH rpa- 
HHIbI KEMOPHA WH BOSPacTa MOACTHMAIOWHX e€FO HEMbIX TOJIIL He paspadoraHbl, 
M JOObIe PelwleHuA, OCOOeHHO (Kak B HallleM culy4ae) WIA HeMpepbiBHOH cepun 
OTJOKeHUH (°,7°,%), ABIHIOTCA B 3HAUHTEIBHOM Mepe yCJIOBHbIMH. OfHaKO, OnKe 
| pancb Ha reoJIOrMyecKue JaHHble, MOXKHO YKa3aTb HanvOoslee BEPOATHOE pellleHHe 
Toro Bonpoca. MPayHa NecTPOUBeTHOH CBUTbI XAPaKTePUu3yeT HE CAMbIe HWKHHE 
rOPH3OHTbI HH2KHETO KeMOPUA, NOSTOMY K HHXKHEMY KeMOPHiO Ce yeT OTHOCHTb 
1TaKXKe YaCTb HEMBIX OTJIOXKeHHH, COPIaCHO MONCTHMAIOUNX Wwekelckylo CBHTY. 
\IIpeacrapsetca HauOoee MpaBHAbHbIM NPHHUMATb 3a Oa3aJIbHble TOPH30HTHI 
‘KeMOpua *%KepOuHCKy!0 CBUTY HW CHHXPOHMUYHbI Cc Heli KCepamaxCKHH» FOpH3oHT, 
iC KOTOPHIX HaYMHaeTCA HOBbIM WHKI OCaKOHAaKOMJICHHA, a WATOMCKHH KOMIMJIe€KC 
|W KMKUMAMHCKYIO CBHTY OTHOCHTb K pudelo. OTa rpaHulla XOpOWlo yBASbIBaeT- 
\ca C HWKHeli rpaHuuel keMOpus, NPHHATOM B palioHax, coceHuX C HalMM. 
\Baomb 3anaqHolh okpauHn Cepepo-BalikaibcKoro HaropbA B OCHOBaHHH Kep- 
6MHCKOM CBUTHI HaOoyaetca nepeppip (H. A. Konnnuckan, B. K. Tomopeuox), 
|KoTOpomy 1oxHee, B IIpnOalixanbe, cooTBeTcTByeT KpylHoe Hecorsacue MexkKAy 
| yllakoBCKol CBUTOM Hu2kHero KeMOpusa u OalikasIbckuM KOMMIeKcoM pudes. Ha 
|BOCTOUHOM cKOHe AaHcKOrO UluTa *KepOuHcKoh cBuTe, CKOpee BCerO, OTBE- 
YaloT Oa3asIbHble TOPH3OHTHI IOMOMCKOM CBUTbI, KOTOPasA HecoriacHo JlexKUT Ha 
lyuypo-MalicKoM KOMIIeKce pubes 1 BOCHOBAHHH KOTOPOM MPOBOAMTCA HWIKHAA 
rpanuua KeMOpHaA. 
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([1pedemaeaeno axademuxom H, B. Wamexum 1 VI 1959) 
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Teoorua Apesxux cput Topxot Wlopuu B aurepatype ocBelllena padoramn 
K. B. Panyruna (** ,1°) a A. JI. Hoguua (17%). Marepecusie qaHupie m0 reovio- 
TMM STOO perHoHa B MocmeqHee Bpema Nomyyeun A. C. Kanyruupi, I. A. Kyp- 
raHoBbim, B. MW. Pomunckum u IO. I. WepOaxospm (7). 

OcHoBol Aa cTpaTurpaduyeckux NOCTpOeHHH BCeX MePe4HCJICHHbIX HCCJIe 
oBaHHi ABJIAeTCA paspe3 mo p. Mpaccy B ee cpeqHeM HM BepXHeM TeYeHHH. 

Hamu 2aHupii paspes usyyanca B 1993 u 1958 rr. MeroquKa paOor 3aks104a- 
jlaCb B TOM, 4TO ABTOPbI, pacnomaraA MoceHAMHM TeOJIOrHYeCKHMH KapTaMH™, 
NPpOBOAMIH MOcMIOMHbIe COOpbl OKAaMeHesOCTeH MO Ppaspe3aM HU YBAS3bIBAIH 9TH 
pa3pe3bl MexKy coOoH MyTeM eTaIbHOrO KaPTHPOBaHHA MeCTHbIX MaPKHPyto- 
ULUX TOPH3OHTOB. 

B pe3yubTare yalocb MOMHOCTbIO COrlacoBaTb CTpaTHrpaduto HH KHEFO 
KxemOpua Topxot Wopun c GuocrpaTurpapuyeckol CxeMOH, paspaOoTaHHoH WA 
KysHeuxoro Anaray, Barenesckoro kKpxxKa Sanaquoro u Boctounoro Casua (°*). 

Ha npuuiaraemol cxeme reomoruyeckoro cTpoeHusa (puc. 1) wu daluasbHOM 
mpoduue (puc. 2) BUAHO, UTO APeBHeHWIMMH OTJIOXKCHHAMHU B ONHCbIBAeMOM palo- 
He ABJIAIOTCA TeMHbIe€ CJIOMCTbIe H3BeCCTHAKH (3amaqHocHOupcKue dopMallun 
K. B. Panyruua umn OenpcuHcKaa cButa A. JI. Jloquna). Bugqumas MOUuHOCTB 
W3BeECTHAKOB He MeHee 3 KM. BOmu3H YerTp-KaOdsip3pi I]. C. Kpacnoneeson (ycr- 
Hoe cooOuleHHe) B STHX H3BECTHAKAX OolNM COOpaHbI apxeoltuaThl. B 3sTom »*xe 
MPHMepHO MecTe apxeoluaTe! OplIM OOHaPyKeHbI MH HaMH (MpaBAa, B OcHIMN). 
JIpu o4enb OombUIMXx COopax orcioga Obl ONPEAeeHbI TOKO Ba poda: Ajaci- 
cyathus sp. Dictyocyathus sp.**, aro 6e3ycMOBHO MO3BOAeT OTHECTH UX K Ca- 
MOMY peBHeMY M3 M3BecTHHIX cef#yac B CasaHo-Astalickof oOnacTu KOMMJIeK- 
‘cy — KamellkoBcKomy. CesepHee YcrTb-Ka6sip3bl Omarogapa xopouiMM oO6Ha- 
*KeHHAM mo Mpaccy uw HCKIOUHTeIbHOM mpoctoTe cTpykTypp (cM. puc. 1) 
OTYeTIHBO YyCTaHaBJIMBaeTCA, UTO CBHTA TeMHbIX M3BeCTHAKOB COBePIIeHHC 
corjacHo MepexoQuT BBePpX NO paspe3y B TOMMY TIMHHCTHIX H3BECTHAKOB ¥ 
MepresleH, MepecaMBalolluXCA C TVIMHMCTbIMM CaHaMU M aeBpOMTAMH, BBI- 
qenenupimu E. B. Panyruuyi (°) nox 4a3BanHeM YHyUIKObcKOA dopmauun. 

B oTOKeHUAX JAHHOM TOMI U3BeCTHbI MHOTOUNCIeHHEIe HaxoyKu Newlan:- 
dia, omucaHue KoTopbIx Ono chenano II. C. Kpacuoneesolt. Takum o6pa3om. 
p Topxo Wopuu, kak u B Mapraire (4), cnou c Newlandia oxa3pipatorca IIpH- 
YPOYeCHHbIMH K HWKHEMY KeMOpHiO. ITO OOCTOATeMbCTBO HMeeT HCKIOUNTeIb 
Hoe 3Ha4eHHe HW 3aCTaBJIAeT MepecmoTpeTs HOO onpexeneHua Newlandia, mu6c 
cTpaTurpaduyeckoe pacnpocTpaHeHue 3THX cop. 

MowiHocTb yHYWIKOJIbCKOM TOM BeCbMa He BbIepsKaHa HM Ha HeOObIIMD 
paccTOAHHAX U3MeHAeTCA OT 1200 Ho 0 M. Bowee mosogble oT02%KeHUA B CeBepHOr 
YacTH HCCICOBaHHOM TePPHTOPHA CJlaraloT Be CHHKMMHabubIe CKaaKu. Oxy 
MpeAcTaBJIeHbI OYCHb H3MeHYMBOH 0 cCocTaBy cBHTOH asppy3uBoB, TydoB 
rpayBakk HM TyPOKOHTOMepaToB, KOTOpaA Bbleinnach K. B. Panyruuein 
m0 Ha3BaHHeM MpaCCKOH Mf IbIsaccKOH dopmallul. B nauKkax H3BeCTHAKO! 
MpaccKOH cBHTbI y noc. Cp. Unmel Oniw u3BecTHbI HaxoKH apxeoln 
at. Hamu 3fecb OOHapyxKeHbI CrefyioulMe dopmet: Archaeolynthus cf. tu 
bexternus (Vologd.), Loculicyathus membranivestites Vologd., Szecyathu 


* Matepnanst B. MU. Pomunckoro u IO. I. Ilep6akosa. 
** Onpedenenve 10 posa BbI3BaHO MIOXOH COXPpaHHOCTbIO CKeweTOB KyOKoB apxeounar. 
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Puc. 1. Cxema reomormueckoro cTpoeHHA OacceliHa cpefHero HM BepXHero 
teuenua p. Mpaccy. / — AepoucKue oTmoxKenuA; 2 —9 — HK HeKeMOpHUCKue 
Tommy: 2 — Typ u Typomecuanuku, 3 —cpelHne appysuppl, 4 — Kams3ac- 
Kad Mauka Mepremeii u claHues, 5 — yCHHCKHe CBeTVIbIC H3BeCTHAKH, 6 — 
Tosa 3alalHOCHOMPCKMX OMOMHTOB, 7 — MpaccKaA CBUTa adcy3HBos, rpay- 
BakK 1 TyPoKOHTsoMepaTos, 8 — yHYWKOMbCKaA TOMMa Mepresel, C/laHIeB H 
asleBPpOMUTOB, 9 — OembCHHCKaA CBHTa TEMHbIX CJIOHCTHIX u3BeCTHAKOB; 10 — 
rpaHUTH U CHeHHTH; J] — raaBHeHuiMe pasJOMbl, 12 — naxoyKu TpHOOuTOB; 
18 — waxoyku apxeolHaT 
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cylindricus Vologd., Ajacicyathus sp.,— 4TO NO3BOJAET CONOCTABIATb STH CO) 
c 6a3aHXCKHM ropH3soHTomM (°). YHyWKONbCKad TOMA TaM, Te OHA Pa3sBUTa 
nokcTHaeT Mpacckyto cBuTy. BbicTpoe BbIKJIHHHBaHHe 9TOH TOMIMM Mo NpocTupa 
HHIO OOYCJIOBIMBAeTCA (PaUMAJIbHBIM 3AMELCHHeEM €€ NOPOaMU MPaCCKOH CBUTBI 

Ha wre u BocToKe paccmaTpHBaeMOH TeppHTOPHH Ha OesIbCHHCKOH CBHT 
TCMHBIX H3BECTHAKOB COrlacHO 3aleraeT CBHTa OesbIX H3BECTHAKOB, KOTOPBbI 
OObIUHO Ha3biBaloT yCHHCKHMH. O6ulad MOILHOCTb yCHHCKOH CBHTbI OKOJI 
2,5 KM, BepXHAsA YacTb ee (cm. puc. | nu 2), MOWHOCTHIO Hopsfka 1,5 kM, oxapak 
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0 1 2 Skm 
Gepmukaneneid macumab 
Fa) G2 Bes ae Pas Qo Dy Ge De le Ea 
Puc. 2, DalManbHE npodusb HWKHEKeMOPHHCKHX OTMOKeHHI (TOPH3OHTAaMIbHbIM MaCcuTa6 He 
BbIep2xau). / — OebCKHHCKHE Yep Hble CONCTHIC H3BECTHAKH; 2 — YHYLIKOJIbCKHe MePreJIHCTBI 
H3BeCTHAKH, ClaHUbl H WecuaHHkH; & — 3amaqHOCHOUpcCKue CBeTIbIe BOLOPOCJEBbIC JOJIOMHTHI, 
4 — ycunckue Oemble u3BeCTHAKH; 5 — MpaccKne 9pPy3uBbl, rpayBakKu HM Ty:pOKOHIOMepaTHl 
6 — KaM3aCCKHe MepreJH, TIMHHCTbI€ H3BeECTHAKH, ClaHUbl; 7 — cpeqHHe addy3uBbl; 6 — Tyb 
uw TydonecuanHku; 9 — HaxoykKH Tpum0buTOB; 1/0 — HaxojKH apxeowuaT; // —,rpaHUUbi ro: 
PH30HTOB 


TepH30BaHa apxeolwuatamu Loculicyathus membranivestites Vologd. Archaeo- 
lynthus cf. nalivkini (Vologd.) A tubexternus (Vologd.), Szecyathus cylindri- 
cus Vologd., Clathricoscinus sp. nov., Coscinocyathus cf. dianthus Born., 
Tumulocyathus pustulatus Vologd., Clathricoscinus infirmus (Vologd. 
Uralocyathus collosus (Vologd.), Protopharetra grandicaveata Vologd., Ar- 
chaeofungia septofidis (Vologd.), Nochoroicyathus mariinskii Zhur., Coscino- 
cyathus compositus Zhuz. u ap. Kpome toro, no km. IlbaHKOBCKOMy B CaMBIX 
BepXaX CBHTbI HaMH OblvIM BCTpeyeHb! TpuoOuTE! Bonnia sp., Adiaksis sp., 
Protypus sp. 4 pa, APyruxX HOBbIX POJOB, BCTPeUaIOMHXCA COBMECTHO C 6a3aHx- 
ckuMu (bopMaMH B palioue r. MaptioxuHoli BareHepcKoro kpsKa. 

[lepeyncleHHble OKAMEHEJIOCTH NOSBOJIAIOT Napa eIU30BaTp 3aKJIOUAIOUINE 
HX OTJOXKeHHA C OasaH“XCKHM TOPH30HTOM. Orciofqa MOXKHO 3aKJIIOUHTb, YTC 
yCHHCKasd CBHTa ABJIAeTCA (ballueH MpaccKoH. K ucxoJHbIM BbIBOaM O Napase- 
JIH3allMH 9THX CBUT B MocwieqHee Bpema npuwen u IO. TI. Ulep6axos (2°). 
 B aape neOoubuioh aHTHKIMHaIH To p. Kom3ac cpequ noms ycuHCKOH CBUTBI 
OOHaKaloTcH BOfopoceBble MOJIOMHTHI s3anaqHocuOupcKoH dopmalluu (ne 
K. B. Pagyrnuuy). Anamu3 MOUHOCTeli JOJIOMHTOB U YCHHCKHX H3BECTHAKOB, 
xXapakTep B3aHMOTepexOJOB M@KY HHMH, a Tak2xKe HaJIMUNe CHHTCHETHUHBIX 
OpeKYHH CBHAeTEIbCTBYIOT O TOM, YTO JOJOMUTHI (Pal\uasIbHO 3aMellaloT 3HadH- 
TCJIbHbIe MO MOLULHOCTH YaCTH yCHHCKOM u OebCHHCKOM CBUT MU ABJIAIOTCA PUudbo- 
BOH NOcTpoHKoH. 

YcHHCKHe H3BeCTHAKH COTIaCHO MepeKPbIBaIOTCA He BbIepKaHHOH NO MOLL 
HOCTH MH COCTaBy Na4¥KOH TIMHHCTbIX H3BECTHAKOB, Mepreslel, CAHIeB HM aJIeB- 
POJIMTOB, KOTOPy!0 MbI OyJ@M Ha3bIBaTb KaM3aCCKOH. 

B pepxueli yacTu 3TOH Nauku Hamu coOpaHbi Tpun06uTH! Laminurus inornate 
Repina (n. msc), Onchocephalus sp., Mrassina submissa Repina (n. msc.). 
Pagetina persubtilis Repina (n. msc.), Proerbia torgaschinica Repina (n. msc.), 
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/Erbia granulosa Lerm., Amecephalina sp. Kootenia sp. u apxeounatsi Archae- 
jocyathus kuzmini (Vologd.), Syringocnema sp., Claruscyathus sp., Vologdino- 
cyathus sp. n., Archaeocyathus yavorskii (Vologd.) Ethmophyllum ratum 
(Vologd.), Clathricoscinus? sp., Archaeolynthidae? sp. u Ap. comoHuoBcKoro 
ropu3outa (°) HwKHero KemMOpua. 

| B HwKHHX ropHs0HTax ee y moc. Aguaxca K. B. Pagyrnupim (Bnepsrie B 
ijropHolt WWopun) Opi o6HapyxeH TpusobuT Poliellaspis sp., xapaxrepHpli Asa 
i) CAHAIITHIHTOJIbCKOrO ropnsonta. Ilo BospacTy KaM3accKad Nauka, TaKHM OOpasom, 
NB OCHOBHOM COOTBETCTBYeT CaHallITbIKTOJIbCKOMY TOPH30HTY, JIHIIb Cambie Bep- 
i» xu ee (20—30 M nO MOMLHOCTH) OTBEYaIOT y2Ke COJIOHOBCKOMY TOPH3OHTY. 

|| Tam, re MOWHOCTb KaM3accKOli NauKH M@KCKMaJIbHas (Jo | KM), B YCHHCKHX 
A USBeCTHAKAX, HeNOcpeCTBEHHO noAcTuarouux ee (kt. [Ibankopckuh, noc. Kam- 
sac), coOpaHbl OkaMeHewOcTH OasauxcKoro ropu30HTa. Ilo mepe cokpallenna 
|MOLWHOCTH KaM3aCCKOH Mla4YKH B KOHTAKT C Hel MPHXOAAT yCHHCKHE 2Ke USBECT- 
JHAKU, BHaYane OXAPaKTePHSOBaHHbIe CaHaLITbIKTOJbCKUM, a BC/eX 3a TeM — 
|B OOaCTH BbIKJIMHHBaHHA MaukH — WH COJIOHUOBCKHM KOMIJI€KCaMH OKaMeHe- 
|nocreli. IIpupeqeHupie JaHHbIe, a TaK2Ke MOBCeMeCTHO HaGwloalollMeca mMocTe- 
NeHHbIe€ Tepexobl MEXLy PacCMaTPHBaeMbIMH OTJIOXKCHHAMH CBUJETEIbCTBYIOT 
O TOM, 4TO KaM3aCCKaA Nauka ABJIACTCA (pallMeH BePXOB yCHHCKOH CBUTHI. 
Ilopogbl Kam3accKOl 1a4uKH B CBOIO OYeEpeb MePeKPbIBaIOTCA MOLIHOH TOVI- 
i\ieH sddy3uBoB cpeHero cocTaBa, No cTpaTurpaduyeckomMy OObeMYy COOTBeT- 
(CTBylolWleH 0 KpaHHeli Mepe cepun. Mectamu, y r. Yaytar u no p. Mpaccy, 
}HuKe ycTba p. Masaca, sddpy3uBbl oTYACTH 3aMellaloTcA Tydamu, TyPonecuaHu- 
Kamu 4 Tyd@ocnaHuamu. B npesenax mioWlaqu mpelwaraeMoH KapTbl B OTJOXKC- 
lh HAAX STOH CepHH Kakux-sMOO OKaMeHesIOCTeH NOKa He OOHAPyKeHO, HO K Ce- 
Bepo-3sanazy no p. MyHfpOaw u ka. JLuckopomy (mpuToK p. Amsac) cpequ aH - 
JOPHyHbIxX sdidy3HBOB KaPTHPYIOTCA JIMH3bI M3BECTHAKOB C apxXeolMaTaMyH Ccc- 
fJoHuoBcKoro (Ethmophyllum ratum Vologd., Ethmophyllum sp. n., Nochc- 
iroicyathus sp., Szecyathus sp., Archaeocyathus sp.) u o6pyyescxoro (Erbocye- 
thus sp. Archaeocyathus kuzmini (Vologd.), Ethmophyllum ratum Vologd., 


] 
: 
| 
| 


i) 


| 


VH3n0%KeHHble B HacToslleH cTaTbe JaHHble NO cTpaTurpaduu Oaccehna 
jp. Mpaccy cymMupoBaHbl Ha npelviaraemom (allMabHoM Mpoduse (cM. puc. 2). 
\IIpu paccmotpeHun ero oGpaliaer Ha ceOA BHUMaHHe Cyleqyromlee: 1) B HH2KHEM 
/KeMOPHM BbIeNAIOTCA BCe CTPaTHrpaduyeckue TOPHSOHTHI, YCTAHOBJICHHbIC WIA 
CM@KHBIX palonos CasHo-Auratickol ckmaluaTol o6macTH (°); NOHOCTbIO COB- 
\Mayaer Takxke uM cTpaTurpaduyeckaA NOCJeAOBATeMbHOCTbh STHX TOPH3OHTOB; 
/2) B callvanbHOM OTHOWeCHHM TOPH3OHTEI BECbMa He BbiepKaHbl; B Kak bi us 
\HHUX BXOJLAT CaMbIe PasHooOpasHble MO COCTaBY NMauKH HM CBHTbI; rpaHWlbl TOpH- 
|3OHTOB UaCTO CeKYT JIMTOJIOrMYeCKHe FpaHUUbl HIM, HAOOOPOT, NPOXOAAT BHYTPU 
|COBEPIICHHO OLHOPOAHbIX NO cocTaBy OTJOKeHHH. 

TlonyueHupie TAKUM OOpa30M aHHble O pesko calluaJIbHOM U3MCHUMBOCTH 
HW2KHEKEMOPHHCKHX OTIOMKeCHHH JOJMKHbI IPHHHMATbCA BO BHHMAHHe TPH CO- 
CTABJICHHH CMHBIX sereHy, WA reoloruueckux kapT CasHo-AvitalicKon oOactu 
imacuuta6a | : 200 000. 


TeonormueckHH MHCTHTYT Tlocrynuao 
Akaylemuu Hayk CCCP 29 V 1959 


i 


UAMTHPOBAHHAA JIATEPATYPA 


1 Teonoruyeckoe crpoenne CCCP, 1, ctpaturpadua, M., 1958. ? A. JI. Logaun, Teo- 
JOrHA HM MomesHbIe HCKoNaemple Kysneukoro Auatay, 1948. 3% A. JI. Hou’, Cos. reon., 
Ne 27 (1947). 4U.T. Kypaspaesa, Jl. H. Penuna, B.B. XoMeHTOBC ku, 
TAH, 123, Ne 6(1958). © H.T.Kypaspaesa,Jl.H.Penuuna,B.B.XoMeuHT OB 
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Cu6. reon. ruap. reoges. Tpecta, B. 5, Tomex., 1934. 7 K.B.Pagyrun, Matep. no reon. 
San.-Cu6. Kpas, B. 37 3an.-Cu6. reon. Tpect, Tomek, 1936. °® K. B. Panyru 4, Ipooa. 
Cos. reon., 7, Ne 4 (1937). ® K. B. Panyruu, Tp. aa6. reon. moKemOpua, B. 1 (1952). 
1010. T. Ilep6axos, WUndopman. O1onn. 3an.-Cu6. reon. ymp., Ne 4 (1958). 
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Tloxnann Axkangemun nayr CCCP 
1959. Tom 128, Ne 5 


TEOJIOTHA 


Vl. C. KH3EBAJIDTEP u A. 10. POSAHOB 


K BOIMIPOCY O BO3PACTE CPEAHENMAJIEOSOHCKHX H3BECTHAKOB 
I[EHTPAJIBHOM YACTH CEBEPHOrO KABKA3A 


(ITpedcmaenexo akademuxom H. C. Wamckxum 9 VI 1959) 


Tlaneo3solickue oTmox%eHua CepepHoro Kapka3a upe3BbIyaHHo cma6o OXa- 
pakTepH30BaHbI MaweoHTosoruyecku. B 9THX yCOBHAX Kalai HaxoKa Mpu- 
oOperaeT OrpoMHoe 3HaueHHe JIA peleHHA BOMpocoB cTpaTurpaduu MU Mavseo- 
30HckoH ucropuu pasBpuTua KapKa3a. Bombuloe 3HadeHHe B 9TOM OTHOLIeCHHH 
MUMeIO BbIemeHve PoOuHCOHOM JeBOHCKHX OTJOXKCHHH Ha OCHOBAaHHH HaXxO]OK 
IIpokonosp, Po6uncoHom uw MesBedt0KoM 6paxuonod B M3BecTHAKaX pp. Tedep/pl 
u AxkcayTa, BCIeqCTBHe Yero B KOPHE H3MCHHJIMCb MpecTaBJIeHHA O PasBHTHH 
cpefHero mameo30a Ha CepepHom Kaska3e. Ilo3qHee PoOuHcoHom Oplia Wana 
‘crpaTurpaduyeckad cxema Maleo3ocKux oToxKeHuH CepepHoro Kasxka3a (°), 
KOTOpad O HacTOALLero BPeCMCHU ABMACTCA OCHOBOH Mpu reomOorMyecKux pa6o- 
TaX B 9TOM paHoue. 

K BepxHemy JeBOHY MM OSIM OTHECeHbI TpeTbhA HW YETBEPTAA CBUTHI, NOApa3zze- 
JICHHbIG Ha PAN WayeK, OTM UAOULAXCA MO JIMTOOTHYeCKHM mpH3sHakam. Hux: 
HAA mauKa mpekcTaBsena TydoreHHbIMA MeCuaHHKaMH UH CaHWamMu, pexe 
rpaBeHTaMH, C MPOCJOAMH CepbIX H3BECTHAKOB MH TOPH3OHTOM Oe0ro H3BeCT- 
HaAKa B OCHOBaHHH. BTopasa madka BbIpaxKeHa TEMHO-CePbIMH H3BeECTHAKAMH 
HM BbIWWe PaSHOUBeTHbIMH PIMHUMCTbIMH ClaHiamMu u Ty:ponecuaHukamu. TpeTba 
mauka BKOUaeT TeEMHO-Cepble OPraHOreHHble H3BeCTHAKH. OrsoxwKeHHA STUX 
Tpex MaudeK COCTaBIAIOT TpeTbIO cBUTY, Sosmee 500 mM MoulHocTbIO. Bolle BBI- 
WemwteTcH FeETBEPTAA CBHTa CMAHWeB H MOJMMUKTOBBIX Me@CYaHHKOB C PIM- 
HHCTO-KapOOHaTHbIM I[CMeHTOM, C TpoculioAMu u3BecTHAKOB. MoulHocTb ee, MO 
Po6uuHcony, 500 mM. 

K rpeTbelt mauke TpeTbeH CBUTLI MPHyPOYeHbI YNOMAHYTHIC BHILe HaXOKH 
Opaxuonod, Cpequ KOTOPHIX yKa3bIBatucb Camarophoria brachyptycta Schnur., 
Camarotoechia ex gr. livonica Buch., Cyrtospirifer verneuili Murch., Produc- 
tus ex gr. subaculeatus Murch., no onpegeneHnio JI. B. Hanuskuna orue- 
ceHHble PoOuHcoHoM K (ppaHcKomy apycy (°). Uerpepraa cButTa OTHOCHIaCb 
COOTBETCTBEHHO K (pPaMeHCKoMy Apycy. 

B Apyrux paspe3ax, mo mpaBomy Oepery p. [ugam, PoGunconom Onin BbIye- 
JICHbI STPCHbCKHE CJIOH — Cepble H3BeECTHAKU MOLIHOcTbIO 150—200 Mm, B KOTO- 
pbixX HM OblIM Hatienbt Kopant Amplexus sp., Syringopora sp. u dopamunude- 
ppt Endothyra robinsoni N. Tschern. u Nodosinella sp. Stu usBecrusKu cono- 
CTABJIAIOTCH HM C H3BecTHAKaMH Pp. Kup-Koa u Kysb-Tio6e. 

Hamu B u3BeCTHAKAX BTOpoH mayKH Ha p. AkcayT Opi coOpan 6paxuo- 
MoAb, 43 KoToppix M. A. PxxoncHuuKol ompegenen Cyrtospirifer subarchiaci 
Mart. Kpome Toro, B pe MecT ObluIM coOpaHE! PopamuHudepsl, KoTOpEle s1106e3- 
Ho ompezenuna O. A. JImmuna (Peonoruyeckuit uncruryt AH CCCP). 

M3 usBecTHAkoB BTopol uM TpeTbe mayek pp. Aryp (mpurox Te6epzni) 
u AxcayT onpeyeneupt Septatournayella rauserae Lip., Endothyra communis 
Raus., End. bella N. Tchern., Quasiendothyra kobeitusana (Raus), Bisphaera 
sp., Paracaligella antropovi Lip. u ap. B mpocnoax u3pecTHakoB 4eTBepToO! 
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‘BUTbI Ha pp. Mapyx u AkcayT u B u3BecTHAKaXx Mpasoro Gepera p. [uqam Opiaa 
6HapyxeHa Endothyra communis Raus. 

[lepeuucaenupre ClopamuHudepbl yKasbIBaloT Ha BepXHedbamMeHCKHH BO3pPacT 
sMelaroulux Tomy (1,7,4). TanHpe nocmequux ser (3,°) moKasbiBalor, 4TO BbIllIe- 
IPHBoAeCHHbIe CIMCKH OpaxHonod OTHIOAb He MPOTHBOPe4aT ZTOMY, TAK KaK yKa- 
;AHHbIe (POPMBI BCTPedatorca Kak BO (ppaHCKOM, Tak HW B (aMeHCKOM Apyce Bepx- 
iero WeBOHA. 

BaxkHo NoYepKHyTb, 4TO CemaHHble HaMu COopbl PopamMuHnudep yKa3bIBatorT 
1a OobIyIO CTpaTurpahuyeckyo OmM30CcTb u3BeCTHAKOB pp. Aryp, AkcayT u 
Mapyxc usBecTHakamu p. Pugam. Tem caMbiM IMKBUAMpyeTca KasaBLUIMlica paHee 
)TPOMHEIM PasPbIB B BOSPacTe MeXKTy OvIBLIMMM (PpaHCKMMM HSBeCTHAKAMM, C 
HOM CTOPOHEI, M TAK Ha3bIBAeMbIMM 9TPCHbCKMMM M3BeCTHAKaMH pp. Pusan, Kpip- 
Kom u Kysb-Tiode — ¢ apyroa#. K romy Ke BpIBOLY MOKHO MpHTu mpH anasn- 
3¢ paspe3o0B no p. Kurp-Kou, rqe u3BecTHAKH, COMOCTABJIAeMbIe C H3BECTHAKAMU 
>. Tuga, meKaT Ha TYPOreHHbIX MeCUaHHKaX M CNaHWaX, AHAMOPMYHEIX Mecua- 
MKaM M C/laHWlaM BTOPOH NayKU, M MepeKPbIBalOTCA MeCYaHMKAaMM HM a/eBPOMH- 
raMH, AHAJIOTHUHbIMM TpeTbeH MauKe TpeTbel CBUTbI MH YeTBePTOH cBuTe. Meuee 
icHad KapTHHa HaOmioqaetca Ha p. lua, re NO, M3BeCTHAKAMH JexKaT NOPOAl 
IW KHeH Wauku, HO CorsmacHoro 3aeraHuA JOCTOBepHO yCTaHOBHTb He ylaeTca. 

Bplilied310%KeHHOe MO3BOIAeT MepecmMoTpeTb (bpaHCKHH BO3PacT UM3BeCTHA- 
<OB BTOPOl M TpeTbeli MayeK HM CUMTATb ero BepXHePaMeHCKHM, CONMOCTAaBJIAA 
13BECTHAKH BTOPOM mayKM c u3BecrHaKamu (pp. Tugam, Koerp-Kom u Kronp- 
(100e) HMKHeM Cepuu HuxKHero KapOoua no B. H. PoOuxcony. 


Mockosckui reowloro-pa3BeOuHbIM HHCTUTYT Toctynuso 
uM. C. OpaKoHukuA3e 1 VI 1959 


UWAHTHPOBAHHAA JIATEPATYPA 
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Bcecoio3H. HeT. Hay4H.-uccmeq. reom.-paspey. uncT., 1959 (Bp meyatu). *® B. H. Po6uu- 
>o0 H, Teonorua CCCP, 9 (1947). *®T. IT. Cappuespa, A. H. Cokoapbcekaa, Tp. 
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Jloknagn Akagemunu nayx CCCP 
1959, Tom 128,85 


TEOAOPHA 


tO. A. XOJAK nw CYHb ly 


CONOCTARJIEHVE JPEBHWX TOJIM CEBEPO-BOCTOKA KHTAS 
VW WPA COBETCKOFO JAJIbHETO BOCTOKA 


(I]pedcmcereno axcdemukom Jl. C. Kopacuncxum 4 VI 1959) 


B npouecce pa€ot Amypcxo (AH CCCP) u Xsiinynusauckoh (AH KHP) 
KOMIVJICKCHBIX SKCNELHUKH HaMH Cb H3YYeHbI PaBHekiune paspe3bl JOCHHHE- 
CKHX TOIL CeBepo-BocToKa Kutas u yora Copetcxoro Jlanbuero Boctoxa. B pe 
3YsIbTaTe NPOBeLEHHbIX HCCIeLOBAHHH JIA NOYTH He H3YYCHHBIX JO STOTO pas- 
pesoB ApeBHUX TONL npoBnHuMH XsiinyHusan u Tupun Kutas Opa paspaoo- 
TaHa llerpo-crpaTurpadusa, mpousBeleHa yBA38Ka C pa3pesamu tora CoBeTcKOTO 
Jlanbuero Boctoka u mpopuHunu JlsonvH Kuta uv BBbIABJICHbI TylaBHeHIIneE 
cTpyktypbl. B craTbe JaeTcd KpaTKawd XapaKTePpHCTHKa H3yYYeHHbIX Paspe3oB 
WH CONOCTaBJICHHe HX C OHOBO3PaCTHbIMH OTJIO%KeHHAMU UpoBuHunH Wanpcr 
(Kuraii) (7) u Kopen (7) (cm. cxemy). 

B TeKTOHHYeCKOM OTHOWEHHH OOcCIeAOBAHHbIe PaHOHbI NPeACTAaBJAIOT COOH 
Kuraticko-Kopelickuli ut (coOcTBeHHO Kutalickylo nulaTdopmy), pacnowloxKex- 
HbIi B 1OX%KHOH YacTH ceBepo-BocToKa Kuta, a Take B CepepHoli Kopee, u ce- 
BePpO-BOCTOUHBIN BbICcTyM KurTalckoH mwiaT@OpMbl, HHTCHCHBHO NepepadoTax- 
HbIM TepWMHCKOH CKayaTOCTbiO HM OXBaTbIBAaIOLMH BOCTOUHbIe YaCTH MPOBUH- 
uni Tupuy u XohnyHusan Kuta, pationb: Coperckoro JlambHero Boctoka B 
cpelHeli uacru OacceliHa p. Amyp, B OacceliHe p. Yecypn u B IIpuxanKaiicxom 
pavoue. Ha maoulaqu WuTa npoTepo3solickune uw apxelickue OTJOXKeHHA CaraloT 
SHAYHTCIbHbIC MIOWALM HW MepeKpPbIBAaIOTCA NOMOFO 3aeralollHMu MaTdopMeH- 
HbIMH CHHHHCKHMM OTO*KeHuAMH. B cepepHbIX paHoHax MpoTeposolickne nopo- 
bl CuararoT pA paspOOJeHHbIX CPpeAHHHbIX JOCHHUHCKUX MACCHBOB, PaSBUTHIX 
cpequ oOmmMpHoro moa repluHcKux rpaHuToHsoB. B patione rr. Tupuna — 
XyaaHa Bhieisetca TMpHuckHH MaccHB; B Ce€BepHbIX palioHax OTMeUAaIOTCA 
BaHjaallaHbcKHH MacCCHB, OXBaTbIBalollHH xpeOTh JlaoenuH, Kentetianunb, 
MosmnH u Penburyhran, [puxanKalickuli MaccuB, pacrosoxKeHHbiii B palione 
o3. XaHKa HW B CpefHeH yacTn Oacceliva p. Yecypu, XunraHo-BypeuncKuli mac- 
CHB, OOHMMAaIOlMH BocTOUHy!Io uacTb Manoro XunraHa u Bypenucxuit xpe- 
6er. Ilo 6opram XunraHo-bypeuncxoro nu IpuxanKalickoro maccuBoB B Mpo- 
ru6ax Pa3BUuTbI CKIalyaTble CHHHHCKO-KeMOpHlickue OTOXKeHUA. 

B paspesax ApeBHUX TOJIUL BbIeTAIOTCA apxelickue, HHKHEMpoTeposolicKHe 
WH BepXHeNMpoTeposolicKHe OTOKeHHA, MPeCTAaBJeHHbIe CHJIbHO MeTamMop(u30- 
BaHHBIMM NOPoaMH; UX TMepeKPbIBaloT cma60 MeTaMOp@H30BaHHble NOpoOsb Cu- 
HHHCKOH CHCTeMBI, KOTOPbI€ JIMTOJIOTHYCCKH MW CTPYKTYPHO TeCHO CBA3AaHbI C 
KeMOPHHCKUMK OTJIOXKCHHAMU (CM. CXeMy). 

Apxelickue OTJO%KeHHA, NO HallleMy MHEHHIO, PasBHTHI JMIUb B npelemax 
Kutaticko-Kopelickoro muta — B paouax r. Mpinusan (L3nupiofi), rye onn 
ClaraloT HW2KHIOIO YaCTb CHJIbHO MHIMaTH3HPOBaHHOTO rpaHuTamMu Hepacuse- 
HeHHOTO MBIHU3AHCKOTO KOMIMeKCca (apxeH — HH2KHHH mpoTeposo). B Kopee 
K apXelO OTHOCHTCA HHKHAA cepunA Pencen. 

B paspesax mpoTeposohcKkux OTJIOKeHHH BbIAeAIOTCA [Be TON, pasyeneHn- 
HbI€ MJIOCKOCThIO YIVIOBOrO HecormacnA HW XaPaKTePH3YIOUMeCA PasHUHbIM KOM- 
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BEPXHUM MPOTEPO30M (Pts) 


APXEM (A) — HWKHHM MPOTEPOSOM (Pt) 


CpemqHee TeyeHue p. Bypeu, 
pation p. Bepxuuii Meaprun 
(mo IO, II. PaceKasosy) 


HepacueHeHuble Ipo- 


Bocrouunaa uactb Masoro 


Maspilt Xunran CCCP Maal ich 


CowsHeHCKaad cepua 


Bepxnecolo3HeHckaad CBUTa. CaaHilbl, MeTaMOp- 


Tepo30licKue OTJIO2K CHU A— (bH30BaHHble MmecuaHHKH HW aJIEBPONHTbI, KBaptbl 


THeHCHI, CUIOAUCTHIe C1aH- 
Kb, aMpHOONUTHI, MécTa- 
MH MpaMopbl. 
HeckouIbKO ThICHY MeT- 
pos 


WM rpaduTosble nopogp. 1500 m 


Cpemnecor3HencKad cputa. KambiuTopbe u rpa- 
(PHTOHOCHbIe MpaMOpbI C IIpOCcAOAMU OHOTHTOBBIX 
cnanues. 500 m. 


Huokuecoio3HeHCKaad cBuTa. THeHCbI, HepeaKO 
CHJMMMAHHTOBbIe, KBAPWHTHI, CIOWMCTHIe (MpeuMy- 
UlecTBeEHHO GHOTHTOBEIe) ClaHub! c rpadutom. 1000 m 


KaJubleBHTOBbIe Mpa- 
MOpbl, MeCTaMH JOJIOMH- 
TOBbIe, HEPpeAKO Cc rpadu- 
tom. 900 m 


CXE) 


ConoctaBsieHuaA CTpaTHrpaPHyecKUX Pa3spe3OB ApeBHUX TorM ¢ 


Pationp: rr. Myfaupsana, My- 
nuna, BaMautyyHs, JiuHbKOy, 
Lisucu 


Cepua Jliomao 
(Mel aHb) 


Bepxnemalllanckaad CBH- 
ta. IlonocuaTble KBapuH- 
TbI, TpadATOBble ClaHIbl, 
MeTaMOp@H3OBaHHble MMec- 
yaHuKku. 200 M 


CpeqHemallaHcKasdi CBH- 
ta. KanbunTosple u rpa- 
(UTOHOCHbIe MpaMOpbI C 
JIMOMCHOM, B HuKHeH 
yacTu ¢ WaactTamu JMOTI- 
CHJOBbIX THEHCOB H Mpa- 
mopos. 1500 m 

HwxkuemamlaHckad CBH- 
Ta. CHJIMMMaHMHHTOBBIe, 
6HOTHTOBbIe THEHCHI, 
KBapILUTb! C MpociosMit 
rpapuToBbIx CJlaHWeB. 
2500 M 


Yruopoe Hecormacue 
AMYPCKHMM KOMIMIEKC 


JlaroyccKkaa cepugr 


JloOMHTOBLIe MpaMO- 
pbI, CulOANCTHIe CaAHIUbI. 
2000 mM 


Kpuctamauueckne 
CJIaHIbl, THEHCbI, aM@u- 
OomMTbI, HHOra MpaMo- 


ppl 


JuMauTyuckadg 
cepua 


Tuelicbhl c Mualactamu 
IBYCIIOMMCTHIX, OMOTHTO- 
XJIOPHTOBLIX H XJIOpH- 
TOBBIX canes. 1500 m 


Taumuunroycckaa 
cepug 


BuoTuToBbnle cCaHIbl 
c lvwacTaMu TrHelcoB Hu 
XJIOPHTOBLIX  CJIAHILEB. 
4500 m 


JLouOMUTOBBIe MpaMo- 
pbl c MmacTaMH CJIHOH- 
CTbIX CJIAHILCB 


Cepua 
CeauHma3zroy 


Kpuctamsmmueckue 
cqaHubl Cc maacTaMy 
THeMCOB; B cpeyHel 4a- 
CTH cepHH ampHOoJUTbI 
C MwacTaMH  CJIOAMCTHIX 
cmaHues. 6300 m 


Cepua Magaown 


KxapuuTbl, KBapLUTO- 
Bble, KBapiluTo-Kap6o- 
HaTHble CIaHUbl C Iva- 
cTaMH am@vO070-9Nu0- 
TOBLIX, SIMMOTOBBIX CJIaH- 
wes HW KBapuuTosB. 1900 m 


Buorutospie, 6H0THTO- 
aMuOooBble CaHbl 
KBapILHTbI 


Paiion xpe6ton DoanuH-Denbe 


mylraH 


MenbllyurauHcKaad 
cepua 


CnaHubl, KBapHTOBbIe 
MOpodbl c rpadutTom 


KauJibluTOHOCHbIe U 
rpadHTOHOCHBIe MpaMo- 


ppl 


IlyaHbamanckaad CBH- 
Ta. KBapluTbl MecTaMi 
C CHJIJIMMaHHTOM HM rpa- 
HHTaMu UrpadHToM, Mar- 


HeTuToBble pybl. 200 M 


Man3AHrauHcKaad 
cepua 


K aubiuuTOBble MpaMo- 
pbl, MecTaMu JOJIOMUTO- 
BbIe, HepezKoO c rpadu- 
tom. 3500 m 


(1957—195 


Baccetinpt p. Yecypus(CCCI 
u KHP) _ 


TaMruuckaag cepu 


CnaHubl, KBapriurst, 
TpaduTosple Wopoypt. 
2000 mM 


KaJdbuutTosble H rpa- 
(PHTOHOCHBIE MpaMOpLl. 
600 m 


Tuetichl, 6 MOTHTOBBI 
CaHUbl C rpaPuToM, H 
peAKO CHJIMMaHHMTOBEI 
Mopopl 


JivancugoBble rHekc 
uM MpaMmopbl, MecTaMu 
rpadutom. 2000 m 


Yraopoe Hecormacue 


JlonomuTOBbIe ~MpaMo- 
pbl Cc WacTaMH cJI0qH- 
cTbIX cmaHeB. 1500 m 


Cepusa Anbusa 


Kpuctanamueckue 
CaHUbl C MiacTaMu aM- 
cu6omutos. 3000 m 


Wucautyuckag 
cepua 


Upycwoquctee cwlaH- 
Wbl, KBaplHTbl, KBaplu- 
TOBbI€ CJlaHUbl; B cpez- 


Heli yacTH — IvlacTbl 
XJIOPHTO-aMHOOJIOBLIX 


CNaHWeB WH KBapILHTOB, 
WacTbl MarHeTHTOBbIX 
pya. 4500 m 


Cepua XyHKeau 


Jipycmoyucthie OH0- 
THTOBBIC CJIaHbIl, OHO- 
THTOBbIe€ KBapWuTbl, B 
Bepxuen uacTH CHHe-3e- 
NeHbIe XJIOPHTOBBLIe, aM- 


K puctananueckue 
CJIAHILBI, ampu6ow 
rHelicbl,, HHOra Mpa 
ppt. HeckoyIbko TbI 
Me€TpOB 


A 


pepo-Boctoka Kutas u ira copetcKoro Jlanbuero Boctoxa 


rr.) 


]OxwubIi UxkanryakyauaHHb 
(pationp! c. Lsanuroy, 
rr. Xyafsaua, [lanwn) 


XpebetT Hanbran (pation 
r. XatyHact. cv. yupxya) 


Cenepuple cKn0HbI Uan6aii- 
waHsA (pahou r. Xyinanp— 
r. PycyHa) 


IIpopuyyua JIsoHuH (m0 Jan- 
HbIM AHbINaHCKOTO TeosOrH- 


Pation Yrafimiana NpOBMHUMU 


yeckoro ynpaBseHux c usme-| Wanpcn (no Ma CuH-1oanio 


HeHHAMH) 


Cepua Jlao0x9 


Csuta Taunun. Dus- 
JMTbI C TWwacTaMa Kap- 
6onaTubx mopogx. 2000 m 


Csuta Jlauierso. Jo- 
JIOMHTOBbIeE MpaMOpE! (c 
Collenia) c maukamu (no 
COTCH MeTPOB) MarHesH- 
Top. 2000 m 


Csuta Canuryiicn. 
K BapleBo-cmloqucrTEe 
CaHUbl, KBApILHTbI C 
mlaukamu (20 300 m) Jo- 
JIOMHTOBbIX MPaMOpoB. 
2500 M. 


C H3M€HCHHAMH BOSpacta) 


Cepua XytToy 


Canta J[yupbe. Lono- 
MUTHI, JOJIOMHTOBLIe H3- 
BeCTHAKH C MpocOoAMu 


PIMHMCTHIX CAHIR 
3000 m 


Csuta Jlonyx. Caan- 
Ilbl © MpOCOAMH KBap- 
IHTOB, KaJIbIMTOBBIC 
CIaHUbl C MpocioAMHu JoO- 
JomuToB. 900 m 


Csautra Haurait. Ksap- 
ILMTbI C MpOCcOAMH cyaH- 
WeB, KaJIbILMTOBbIe CuaH- 
bl HM KBapyuTH. 1100 m 

MeramopusupoBaHHble 
KOHTJIOMepaTEI; COCTOAT 
M3 TaJieK KBapIHTOB, He- 
Pe€AKO %Keme3ucTpIx rHel- 
COB HW rpanuTos. 2300 m 


Kopea 


Cepuxt Mateupet 


CuroyucTEle CaHUbl, 
KBaPUHTbI, MPpaMOPpbl. 
1500 m 

Mpamoppt (c Collenia), 
HepeAKO JOJIOMUTOBEIe, 
CJHONMCTHIE CJIAHIbI. 
3000 m 

JLoOMUTOBbIe MH Mar- 
He3HTOBbIe MpaMOpHI. 
3000 m 


Ca10UMcTHIe CaHIbl, 
HepeqKO rpaduTosnle, 
THEHCbI, Mpa@MOpBI, Me- 
CTaMH JOJIOMHTOBEIe. 
1500 m 


XymanHbckad 
cepua 


| Kanbuntroppie mpamo- 
|| Pbl, B BepXHeH uacTH C 
‘| IvIacCTaMH  CJIKOAHCTHIX, 
|| HHorya rpaPHTOBbIX 
cnanies. 3000 m 


Xoudbaxackag 
cepuag 


CepuuutToppie, cepH- 
IMTO-6HOTHTOBLIe cwlaH- 
Wbl H KBapIHTbl, HHOrAa 
Ma@rHeTHTOBbIe amiH6o- 
aurpt. 3000 m 


Ik3anuroyckaga 
cepua 


Amou6oautsl, 6noTH- 
TOBLI€ KBAaPIHTH, Me- 
cTaMH MarHETHTOBHIe, 
rHelicht. 3500 m. 


Cepua Jlameroy 


X JIOPHTO-cepunuTo- 


BhIe CJIAHUbI KBapuu- 


Tbl (patton c. Jlameroy) 


Xonyuckaaga 
cepHa 


Amou6ouuts!, OuvoTn- 
TOBbI€E KBaPI[HTbl, Me- 
CTaMH MarHeTHTOBLIe, aM- 
(PHOO10-6MOTHTOBHIe, aK- 


XyHHaAHbCKAad 
cepuHa 


XNOpHTO-cep HUHTO- 
Bbl€ CJlaHIbI H KBapUH- 
Tbl (paHour. XyHHanb) 


MbIHI3AHCKUM 
KOMIMJIEKC 


CuJ1bHO MarMaTu3upo- 
BaHHblIe amdHOoauTH, 
OHOTHTOBLIe KBapUHTHI, 
am@u6o10-6voTHTOBBIe 


Yrsopoe Hecorjacue 


AHbWaHbCKaaA 
cepua 


_Jlarymanuexasn cpyTa. 
X JOpuTO-KBapleBble, ce- 
PHILMTOBBIe CJIaHbI, Me- 
CTaMH TaJIbKOBbIe, aKTH- 


HaJIMTOBbIE CJIaHUbI, 
THeHcp, 400 m 
[yHuaHJMuckana cBH- 


Ta. MarHeTuTospie u re- 
MaTHTO-MarHeTHTOBbIe 


KBapUHTh, — CJIIOUCTO- 
KBaPICBbIe€ CJIaHIbI, Me- 
cTaMu amMvoouuTHI. 
400 M 

Cauta Maoaproy. 


C.0QMCTO-KBapueBble, 
XJIOPHTO-KBapleBbie 


ClaHUbl, amdnoonury, 
Npoclow  *Kesesucrbix 
KBapIHTOB 


YraoBoe Hecormacue 
Cepua Yrau 


Cepunuro-xnoputo- 
BbIC. KaJIbILMTO-CJIOLN- 
CTbI€, XJIOPHTOBBIe, ce- 
PHUMTO-KBapueBple caH- 
Ubl ¢ WaacTamu wu Mpo- 
cnOsMH *KEE3HCTHIX 
KBapIMTOB; MecTaMH Me- 
TaMOp@u30BaHHble Tyo- 
TeHHbIe MecuaHHKH; B 
HWKHeHM yacTH am@H6o- 


JIMTOBHIe, CO IMCTO- 
KBapIeBbIC CyaHIbl C 
IIPOCJIOAMM %XKese3HCTbIX 
KBapIUTOB. Cpe 
3000 mM 


Yraopoe Hecormacue 
KOMITJIEKC PEHCEH 
Bepxuasa cepua 


K pactTamumueckue 
ClaHUbl, THeHCbI, B HH- 
*KHeHYuacTu cepuu Tom- 
ula KHAaHHTO-CJIOAHCTHIX 
claHies. 15000 m 


HuxHaAa cepug 


Uepenopanve Kpapun- 
TOB, aBFMTOBLIX poroBo- 
ny 


WIEKCOM MOPOA M pasHoH cTemeHbIO HX MeTamopdu3ma: 1) amypcKuH KomMIeKC 
{ ero aHaslOord — aHbillaHbcKkad HM yralicKadt cepHu — HWKHUH mpoTeposol; 
) COlO3HEHCKad CepHA HM ee AHANOrH — MAOX9CKaA, WOMaOcKad (MalancKan), 
yroycKad cepHu — BepXHuu mpoTtepo3oni (8). . 

IIporeposolickue oTM0KeHuA OOPa3yioT JIMHeHHO BbITAHYTHIe CTPyKTYPbI — 
HTHKJIMHOPHH WM CHHKJIMHOPHH, HaMeYeHHbIe HAMM Ha TeKTOHMYeCKOH KapTe 
epepo-Bocroka Kutad uw compeyembHbIxX TeppuTopui. 

Haknenpotepos3olickue OTOXKeHHA, CuaraloliMe ApeBHHe aHTHKMHOpHH, 
peACTaBJICHbI PasJIMYHbIMH KPHCTa/JIMYeCKUMM ClaHWaMu, rHeHcamMu, amu6o- 
JIMTaMH, MeCT€aMH MPaMOpaMH, BHAHMOH MOLHOcTHIO Jo 12 000 mM. 

B paspesax Manoro Xuurava, Banyaauiana u cepepHoro Uxkanryanuaiuu- 
HA BbIAeIAIOTCA TPH COPlacHO 3aeraloulMe TOM, pasmMualollMeca MO MeTpo- 
paduyeckomy cocTaBy MOpoy: H WK H A A, COMKeHHAA OMOTHTOBLIMU, OHOTHTO- 
AMPHOOJIOBbIMH CIaHWaMH, THeHCaMu,— BHAMMOM MOLLHOCTbIO He MeHee 2000 mM; 
ICpe HAA, MpekcraBIeHHad KPHCTa/JIMYeCKHMH CIaHWaMu, THeHCaMH Cc Ma4- 
aMH aMPHOOJIMTOBLIX NOPOA, MeCTaMH C KBapWMTaMH, KapOOHaTHbIMH CaHiaMu, 
MoulHocTb1O Wo 7000 M; Be p X HAA, CMORKeHHAA OJOMHTOBbIMA MpaMopaMu 
c MulacTaMw W MauKaMu KPHCTAa/JIMYeCKHX CaHWeB, MOULHOCTbIO AO 2000 m. 
'B paspe3ax tomkuoro UxanryaHlaiiMaad MW CeBepHbIxX CKIOHOB UanOaltuiaHa mpo- 
BuHunM Tupuy! Kutaa oTMeueHHble BbILIe TOJIUIM BbINeIAIOTCH MeHee 4eTKO. 
'B npeqeiax ApeBHUX AHTHKJIMHOPHEB BbIJeIAIOTCA CEPHH, COOTBETCTBYIOUIMEe ITHM 
TOUULaM *. 

Orsjio2xKeHHA HW KHErO MpOTepO30A OMHCAHHbIX pa3pe30B XapaKkTepu3yIoTCA 
CXOJCTBOM NeTporpaduyeckuHX THMOB NOpOs u OMpeesIeHHbIM MapareHeTHYeCKHM 
‘KOMIJICKCOM MHHePaJIbHbIX HOBOOOPa3s0BaHH — OHOTHTOM, MYCKOBHTOM, Kpyn- 
‘HbIMM TopdupoOsacTaMu MOMeBbIX WinaTOB, KBaplla, fpaHaTa, KPyMHbIMM BbIe- 
JIeHHAMH cdeHa, 9mHJoTa, TypMamuHa. IlourH no Bcemy pa3pe3y BO MHOrHXx 
paloHax HaGI0LaIoTCA XMOPHTOBbIe U XJIOPHTH3SHPOBAHHble CjIaHIbl, KBAPLUTHI, 
THeMCbl; WIMpOKO mpescTaBseHbI amMPuOoMUTOBbIe MOposbl. XapakTePHbIM AB- 
AACTCA MOUTH MOMHOe OTCYTCTBHe KaPOOHATHBIX MOPok, MPHYPOYeHHBIX JIMUIb 
K BepXHeH 4acTH Pa3pe3oB. 
 Bepxuenpotrepo3o0lickue OTJIOKeHHA CAaraloT Apa ApeBHAX CHHKJIMHOPHeB 
u IIpeAcTaBJIeHbI THeMCaMM, CJIOQMCTbIMM (MpeHMyLllecTBeHHO OHOTHTOBBIMH) 
ClaHilaMH, KBapWHTaMu, HepeAKO CHJIJIMMAaHUTOBbIMH HM rpadHTOBbIMH, a Tak2%Ke 
MDamopamu. BufumMaad MOULHOCTb oTJO*KeHHH JoctruraeT 9000 mo. 

B paspe3ax ceBepHbIX PaHOHOB HaMe¥aIOTCA YeTHIPe CormacHo 3aeratoulMe 
Mexky coOok TOMA, MpoclexKuBaIoulMecA B Ipeleax JPeBHHX CHHKJMHOPHEB: 
HW KHAA TOMA CIOKeHA MPAMOPaMH, HepelKO JOMOMUTOBbIMM U pa- 
(buTOBbIMM, a Take JHOMCHAOBbIMH THeHCaMH, BHAMMOM MOLLHOCTbIO OKOVJIO 
3000 M; BTOPaaA Toma mpelcTaBseHa rHeHcaMH HW KBaplHTaMHu, HepelKo 
CHJIJIMMaHMTOBbIMH, OMOTHTOBbIMH CJIaHWaMu MW MJIacTaMH MPaMOPOB, MOLJHOCTbIO 
Jo 2000 mM; T p €T b A TOMA CIORKeHa FTpaPpuTOBbIMH MpamMopaMH, OHMOTHTOBbIMH 
CaHijaMuw WM rHelicamMu, MOUHocTbIO Jo 1500 mM; 4eTBePTaA TOMLMAa COCTOHT 
u3 TpaduTOBbIX KBaplWHTOB, MeTaMOp*Pu30BaHHbIX MeCYaHHKOB (YaCTO CHJIJIMMa- 
HATOBDbIX), CJIOAMCTbIX HM TpaPuTOBbIX CJIaHWeB, MOWLHOCTHIO Zo 2500 mM. 

Orulo*%KeHHA BEPXHeroO MPOTePO30H Kak CeBeEPHbIX Pa3pe30B, TaK H Pa3spe3s0B 
npoBuninuu JlaoHuH u CepepHo Kopen cyliecTBeHHO OTMMYAaIOTCA 0 MeTporpa- 
cbuyeckomy cocTaBy Nopo uw cTeneHH MX perMOHaIbHOrO MeTaMOp(u3Ma OT 
HM 2KHEMpOTepO3OHCKUX OTJOXKeHHH UM XapakTepH3yIOTCA MHbIM MapareHeTu- 
YeCKHM KOMIMJIGKCOM MMHepaJIbHbIX HOBOOOpa30BaHult — CHJIJIMMaHHTOM, OHO- 
THTOM (OpaH>KeBbIM B WiMax, HepeKO C BbIeneHuAMM pyTHia), rpaHaTom, 
ccbeHOM, rpacuToM, MecTaMH HM MYyCKOBHTOM. 

Cnekyer OTMeETHTb, 4TO pA aBroposB(',* °) cuHTaIOT IHOXSCKYIO Hi JIKOMAO- 
cKy!0 (MalllaHCKy!0) CepHu, XOPOWO conocTaBJIAeMbIe C BepXHempoTeposolickon 
colo3HeHcKoH cepuel Copetcxoro Manoro XuuraHa, Oosee ApeBHUMHU OOpaso- 
BaHHAMH, YM OTJIOMKCHHA AHbIMAaHbCKOM Cepuu HM amypcKoro Kommurexca. IIpo- 


* CepHam MpoTepo3oa Aaubl reorpatpHueckHe Ha3BaHHA MECT, re HaHOosee NOHO Mpescta- 
BJICHbI UX Pa3spe3bl, 
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BEJCHHbI€ HCCIELOBAHHA NPHBedH HAC K MPOTHEONOMORKHOMY' BBIBOAY, YTO co 
ryiacyeTcA HC JaHHbIMH NO CTpyKTYPHOMY NOJIOKeHHIO BHIeeHHbIX CePHH F 
KOMIWI€KCOB mpoTeposolickux oTuoxKeHHH. Teonorn AublwanHbcKorO reoJOrH- 
yeckoro ynpaBeHua u npod. Usn IOn-4n, NpoBossuine B NoceqHee BPeMA U3y- 
yeHHe JIPeBHAX TOLL NpoBuHunH JIAOHHH, Take CUHTAIOT OTJIOMKeHHA J1KO- 
X9CKOH CepHu Oosmee MOJOLbIMH, YeM OTJOXKEHHA AHbIWWAHbCKON cepHnH., 


XsiyHUSAHCKaA KOMIJIeKcHad SKCHeAMILMA “}"Noctynuato 
WuctutytT reonoruu Akayemun nayk KHP 1 4 VI 1959 


CoBeT MO H3yYeHHIO MPOH3BOAMTeJIbHbIX CHI 
Akayemuu HaykK CCCP 
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HTornzage Akafemun nayxk CCCP 
1959. Tom 128, Ns 5 


rHAPOTEOJOrH A 


r. A. MAKCHMOBHY 


OCHOBHDIE THIIbIl H MOAYJIb TO3EMHOPO CTOKA 
KAPCTOBbIX OBJIACTEM 


(ITpedcmaezeno axademuxom A. B. Haauekunom 9 VI 1959) 


B 3aBHCHMOCTH OT PeOTeEKTOHHYeCKUX, FeOMOp@osorMyecKux ycOBU uw no- 
1OXKCHHA OTHOCHTEJIbHO MOPCKHX OeperoB HaGwOAaeTCA pasIM4HOe pasmeljeHne 
yOmacTeH NMTAHHA, HalpaBsIeHHA NepeMelleHHA H CTOKA (pa3srpy3KH) KapCcTOBbIXx 
301. HameuaeTcad HeCKOJIbKO rHporeomorMyueckuHxX OOCTAHOBOK C pa3JIHUHbIMU 
‘AIIAMH CTOKA KapCTOBbIX BOJ. 

B ropHo-cklaquaTbix pakouax, re kKapOounaTHble NOposbl HAXOATCH Ha ne- 
oMcepuu U OOPasyIOT MACCHBHI 3HAYMTeIbHOH MOMLHOCTH, MMTAaHve MpONCXOLUT 
lepe3 TPeUIMHbl, MOHOPbl, BOPOHKH, KOJIOIbl H WaXTbI, PacnosOKeHHBIe Ha 
IOBEPXHOCTAX BbIPABHHBaHHA. Tlepememenve KapcTOBbIX BOA No Oovbluel yacTu 
IHOCTOPOHHee, B HanpaBseHun MmpeyropHh. Sova pa3srpy3Ku UuMeeT B OOLIEM 
iHHeHHbIN XapakTep (puc. 1). B npamopcKux KapcToBbIx OOacTax HaGvwioja- 
OTCA HaSeCMHbIe HW CyOMapHHHbIe ucTOUHUKH. Ilofo6ubIe ycOBHA MMerIOTCA Ha 
Kapxase, B CounHcKo-l'arpHHckoM KapcToBoM paloue, B J[uHapckol KapcToBow 
o6lacTH m0 BOcTOUHOMy Oepery ApHatTHyuecKoro MOPA HW BO MHOrHX Apyrux 
(e.*). 

KapcTosble BOJbI NOKpoBa nwaTpopM Ha Oepery MOpelt Takx%Ke xapakTepu- 
3YIOTCA OJHOCTOPOHHHM CTOKOM. STO OTKpbiTbIe OacceHHbl KaPCTOBbIX BOI, Ha- 
3bIBaemMble B ABCTpauHH NomyOacceHHamMu. OAHHM H3 CaMbIX OouIbIUIMX GacceHHoB 
KAapCTOBBIX BOA aABAeTCH FOxa, Ha Oepery Boupmoro Ascrpamulickoro 3amnBa, 
MMeIOWWHH noWlatb oKoso 180 THIc. KM”. [uaqpoquHamuyeckHe 30HbI ero Ob 
paccmoTpeHb Hamu pauee (°). [logo6Has o6cTaHOBKa HMeeT MECTO NO BOCTOYHO- 
my Oepery m-o. ®opusa uw B Apyrux KapcToBblx oOacTsAX. 

Bomee o6blueH ABYXCTOPOHHHH nonepeyHbI CTOK C HaJIM4YHeEM BOJOPaszeoB 
KapCTOBbIX BO. OH HaOstoqaeTca B OOOCOONEHHBIX KapOOHATHIX TOPHbIX Mac- 
CUBaX, HMMCIOWMX 3HAaYHTeIbHy!O MpoTsxeHHocTh. Ha nuaatdopmax |zByxcto- 
PpOHHHH nonepeyHbld CTOK XapakTepeH JIA CTPyKTyPp MOKPoOBa, CJIOXKeHHBIX 
KapcTylouumMuca nopogamu (puc. | //,a). On ycraHoBseH aBTOpoM AIA Kap- 
croBpoH oOmactu Ydumckoro Bala mMexkyy pp. Mpexbio, Coupoh u Uprunon. 
Ii. B. Pepxuxos (14) qua Kapcropol o6mactu JlyHai — Aax p Ilea6cKoii rove 
noka3a/l 3TO MO JaHHbIM Jlemana. eae 

B y3kuxX moocax KapcTyllUlMXxcA NOpol, HaxoAAWMXcA MexLyfHeKapctyto- 
IMHMUCA, BO3MOXKeH JBYXCTOPOHHHH npofombHbI ctok (puc. 1 //,6). Ha Ce- 
BepHom Ypase Aa Mexyypeuba Barpan — Kanba wa kaptTe rugdpousorunc 
noka3aHa OfHa 1OX%KHAaA BeETBb cTOKAa B cTopoHy p. Barpau (14). Pernonapupili 
CTOK B 9TOM PpalioHe MO OTHOLeHHIO K MpOCTHPaHHIO MOMOCHI KapcTytOllMxca 
y3BecTHAKOB — nonepeynp. UWlaxTupiii BoooTiuB O6ycl0oBu oO6pasoBaHne, 
3HAUHTeJIbHOH JempeccHoHHOH BopoHku (1%). 

JisyxXcTOpoHHuH MpoOJIbHbIH CTOK BeCbMa YaCTOe ABJICHHE Ha BOCTOYHOM 
cknoHe Ypasa, re naneosolickue KPyTONOCTaBJICHHbIe MeTaMOpdu3HPOBaHHble 
H3BECTHAKH OOPasy!OT y3KHe NOMOCh! CpeqH HeKapcTylIOuluxcA Nopog. 

B HeOoubuuxX KapCTYIOWMXCA MaCCHBaXx, KaK B FOPHbIX paHoHax, Tak HU B 
MOKPoOBe MulaTPOPM, HMeeT MeCTO WeHTPOOeXKHEI cToK (puc. | ///). Sona pas- 
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rpy3KH Ha mepudepHu MaccCHBa MMeeT B STOM Cly4ae BUA OBAaa. Tloqo6Hoe AB 
JI@HUe H3BeCTHO JIA HeOO/bUIOTO U3BeCTHAKOBOTO MaccuBa B BocTouHor Cu6n 
pu (1). Llenrpo6exKuullt cro HaOulI0qaerTca B KppiMcKou KapcTOBOH o6macTa Wa: 
Uarsipnara. H. ®. Tlorpe6os (*) Aa BoA CHI ypHHCKUX orloxkeHHn BOCTOUHO! 
yactu DcroucKo-JlenuurpaycKo KapcToBoli npoBuHuuu (°) cocTaBua kapT) 
rHAPOUsOrHNc, NOKaSbIBaIOy!o TOT %e TuN cToKa. B Uranun Hedoubliow Kap 
cToBblii paiion Pymaliono B OMaauanckux Ambmax B BepXoBbe P. TuOpa, ra 


=) as 
=X 


Puc. 1. Tunst nmoy3zemHoro cToKa KpaoOmacxcToBb Teli. / — OMHOCTOPOHHHH, 
II — yzByxctopounuti (a — nonepeunplit, 6 — mpogombuprit),"//7 — wentpobex Hubli 


mo mepucbepuu uw oTyacTH B WeHTpe umeetca 12 ucTounuKos (°), OTMMUaeTCH Ta- 
KM 2Ke Tunom cToka. B BocrouHpix Ambmax, Ha 1oro-3amay oT Beubl, uMeerca 
pyro nooOunt HeOombuwioH KapcToBbI paHou, COXeHHLIN MyJIbqooOpasHo 
3aleralollMMH BePXHeTPHaCOBbIMH H3BECTHAKAMH, MOJCTHJIAe€MbIMA BOROHEMPO- 
HMWaeMbIMH OTOXKeCHHAMH. CTOK 34eCb WeHTpoOeKHbIN K JOBOJIbHO MHOrOBOJ- 
H5IM KapCTOBbIM HCTOUHUKaM Ha Mepudepun (7). Dror *Ke THM CTOKAa, TakxKe v3 
TPHACOBbIX H3BECTHAKOB, H3BecTeH B Anyaulickux Anpnax B Mtranuu, B palioue 
KapcTosoro HcTOuHHKa Xu3zayuHA (°). 

PaccMoTpeHHble OCHOBHbI€ THUbI NOA3eCMHOrO CTOKa He MCYePMbIBaIOT BCero 
UX pa3sHooOpa3ua. Bo3mMoxKHbI, KOHeYHO, HM Apyrue TunbI. PaspadoTKa 9Toro 
BoHpoca — 3afjaua OnwxKahwero OyAyulero. 

KoumuecTBo BosbI, cTreKatoulel B | cex. c | km? nmollaqu KapCcTOBOrO. MaCcCuBa, 
Ha3bIBalor MOJysleM NOX3eMHOro cToKa (pa3srpy3nu). OMH u3 MepBbIxX Noscye- 
TOB 9TOFO MOAYJIA KPHCTaIMYeCKUX H3BeCTHAKOB UewlckoH KapcToBoH O6acTH 
Osl 1 OmyOuKOBAaH B 1922 r. (14). Modyab 30ecb 7—7,5 a/cex. c 1 km?. B Kceno- 
(bouToBcKoO-HpIpoOckoM KapcToBomM palioue, B Ilepmckol o6n. (’), B TomMHE 
p. Komp Ha yuactKke Jlesuk — Berman, Ha npoTs>KeHuu omee 5 KM HaOui0- 
qaetca 24 kapcTOBbIX HCTOUHNKAa Cc JeOuToM 2—200 a/cek. CyMMapHbIi eOut 
4X B M@exKeHb OKOIO 2,7 m?/cek, a BOMOCOOpHad MOUlaqb COCTaBJIAeT KaK MH- 
HumMyM 172 xm? (1"). Mody noy3emuHoro croKa 15,76 a/cex. 

B ynoMaAHyTOM ye KapcToBom paloue Pymationo B Mranun (°) cymMMapHpl 
AeOutT 12 uctounukos coctraBasder 91 a/cex. IInoujaqb ero Bcero 13 KmM?, a Mo- 
AyJb cToKa 7 m/ceK. 

Vi3pecrupi ucrounuk Boksio3 Ha wre PpaHuun uMeeT MIOWMalb nuTaHuA 
KapcTylouleroca mMaccuBa 1450 km?, a JeOuT —- u3MeHaIouluiica oT 4 Qo 150 M?/cex 
(°). Ilo qpyruM WauubiM, eOuT ucTOuHHKa He OpiBaer MmeHbUe 5,5 m?/cex, 
a rofosol 450—680 mun. M® (7°) um B cpequem 14 271—20 572 n/cex. Monyap 
MOA3eEMHOTO CTOKa AA KapcToBoro paloua Boxsmi03 Oyler: cpeqHu 9,8—14,2 
HM MMHMMAJIbHBIA 2,/5—3,75 n/cexk. OnbirT MpHMepHoro mMoxcyeTa AIA KapcTo- 
Boro maato Mapquna B Typunu, rie Bbirekaet uctouHuk Pac-91b-Afin (ucToK 
p. Kxa6yp) c MHHuMaJIbHEIM JeOuTom 40 m°/cex (1°), Maer npn naoujagu 2000 km? 
MOAYIb TOX3eMHOrO cToKa 20 wt/ceK. 

Tlonyuenupie Wnpbl Moya MOA3eMHOTO CTOKa MOKa3bIBalOT H3MeHeHHe ero 
ot 7 fo 20 n/ceK mpH MaHuMyMe 3—4 1/cex. Onn, KOHCUHO, H3MCHAIOTCA B 3aBH- 
CHMOCTH OT KJIMMaTHYe€CKUX, TeoMopdomorMyecKHX MH TeoMOrMYeCKUX yCOBHH 
KapCToBbIx paliouos. Iloqcuer ux Aa KapcTOBbIX palioHOB, HaXOMAUMXCA B pas- 
JIMYHbIX YCJIOBMAX, MO3BOJIMT YCTAHOBHTb BeMUMHbI CPeHAX MU MHHHMAJIbHBIX 
MOAyaeH. OTH AaHHbIe MOFyT ObITb MCNOb30BaHbI IPH MPOeKTHPOBaHHN BOO- 
CHaO-KeHHA KaPCTOBLIMH BoamH. IIpH 3TOM BaxKHO OpraHH30BaTb HaGwlolenne 
3a NeOMTOM KaPCTOBbIX HCTOUHHKOB, YTOObI MO/Ib3OBaTbCA He CLYUAlHEIMU JaH- 
HbIMM, a CpeqHeroxoBbimu. CpequHeroqoBol AeOuT TakxKe He NOCTOAHeH, a H3Me- 
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HeTCA B JOBOJIbHO WMPOKHX Mpeleax. Oto Oplvio Moka3aHO Ha MpuMepe ucTou- 
uka Box103. 

Kapcrosble BOJbI BbITeKaIOT He TOJIbKO B Bue ucTOUHHKOB. B ropax onM 
hCTHUHO CTeKaIOT B JeIOBMH CKJIOHOB, a Ha paBHHHaX — B NOJAOJIMHHbIe T0- 
bxu (°). B mpumopckux KapcToBbix oOacTax OHH Oe3BO3BpaTHO TepsAIOTCH 
Bue CyOMapHHHbIX HCTOUHHKOB (*:“), Takum o6pa30M, BO MHOrMXx ciyuaax 
eT JeOHTa HCTOUHHKOB aeT MOJlyJib CTOKA, KOTOPbIt MeHbIUe HCTHHHOTO. 

B ropubix paiiowax B HeOOJbIUHX KapCTOBBIX O6acTAX — TaM, Pe Kapery- 
UIMeCH KAPOOHATHBIC OTMOXKEHHA NOACTHMAIOTCA BbICOKO PaCNOJIOXKCHHBIM BOJO- 
MOPOM, KaHaiH3alueH KaPCTOBbIX BO] B LWITOJIbHIO MOXKHO MpeOTBPaTHTb M0- 
Pplo BO B JemtOBHuH cKNOHOB. [lofo6Han o6cTaHoBka uMmeeT mecTo B TopHom 
\pbIMy. OTO NOsBOJINT yJIYYWUTb BOAOCHaOx*KeHHe 1OXKHOrO Gepera Kppima. 
| HeOOJIBLUIHX KAPCTOBBIX MaCCHBaX C CHHKJIMHAJIbHbIM 3aleraHHeM IpoBeyeHue 
TOJIGH B HavOolee NOHWKEHHYIO YaCTb MYJIbAbI IPMBedeT K MpekpallleHu1o 
YHKIMOHHPOBaHHA MePesIMBalOUMXCA WCTOUHMKOB nO nepudepuu u moTepu 
OAbl B Tetopuli. Bex KapcToBad Bolla mower NO HCKYCCTBeHHOHM BbIPaboTkKe, 
IeHTPpOOeXKHIH THM CTOKa CMeHHTCA Ha WeHTpocTpemuTebubI. Moxyab cTo- 
a YyBeJIMYHTCH. 


IlepmMckult rocyjapcTBeHHbI yHuBepCuTeT Ilocrynuao 
um. A. M. Toppkoro ® VI 1959 
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A. M. BJIOX 
BEHTOHHMTOBBIE PJIMHbI B 3ABAMKAJIbE 


(IIpedcmaeaexo axademuxom JJ. C. Kopocunckum 14 IV 1959) 


JIlerom 1958 r. cKBaxkuHa, mpoOypeHHad Ha upaBom Oepery p. Tyxrycckuh 
Onos, mpotus c. Hopo-Mapunckoe (UutuncKaa o6., UepHpmuescKui palion), 
BCKPblIa YeTHIPEXMeTPOBbIM NwacT CCHTOHHTOBHIX TVIMH, ABJIAIOWMXCH NPOAyK- 
TaMH W3MeHeHHA TY(OB KBapleBblx nopdupos. IiyOuHa 3aeraHHaA NOJOLWBBI 
nuacta 67,6 M, Bo3pacT BMellarolleH Toul — HWxKHHH Met. Tnnubl noscru- 
JlaiOTCA MW MepeKpPbIBaIOTCH KPeNKHMM ApecBAHHUKAaMH. 

T'IMHbI 2KUPHbI Ha OULyb, HMeIOT CBeTIIO-cepbI UBeT. B Bose MerKO pasMo- 
Kal0T H 3€M€THO YBeEJIMUMBAIOT CBO OObeM, a B CYXOM COCTOAHHH KaMHeMOOOHBI. 
B HHX ACHO BHJHbI BKJIOUCHUA KUCAbIX NOJeBbIX WINAaTOB, KBaplla H OMOTHTA. 
Tlo mexannyueckoMy CocTaBy HX MOXHO Ha3BaTb aJIEBPHTOBbIMH rIMHaMu (puc. 1). 
Ha oso dpakuuu <0,01 mm npuxogutea 63,4% nopogst; 0,10—0,01 mm 30,0%; 
0,25—0,10 mm 5,1% uw >0,25 mm 1,5%. 

Taxxkesad (pakUUA COCTONT 3 3epeH MMPUTa U OapHuTa, KOTOPbIe BCTPeyalor- 
CA B MpPpHMepHO paBHbIxX KOMUecTBaX. B eHHHUHbIX 3€PHaX OTMEYCHBI PYTHI, 
aHaTa3, TpaHaT, WHpKOH, TYPMaJIMH, anaTur. 

B merkoH dpakunuu, mupu KpynHoctn ee > 0,1 MM, OTMe4aIOTCA KaJIMeBbIe 
NOJIeBbIe€ WMTAaTbI, aIbOUT, KBapll uw OuoTuT. Cpequ yactu 0,1—0,01 mm a6co- 
JIOTHOe TpeodalaHue UMCIOT KPHNTOKPHCTaJIMYeCKue arperartel, NPelcTaB I AI0- 
mje COOoH pacKPUCTAIIH30BaHHOe BYJIKAHHYECKOE CTEKJIO, C ABYMPeJIOMIeHHeM 
0,006—0,007 u noKka3aTenmamMu UpenommieHua, Onu3KuMu kK 1,510—1,513. 

Muuepavibubld cocTaB TvIMHMCTHIX YacTH<0,01 mM, urpatomjMx B mopose 
OCHOBHYI0 POJIb, H3Y4aJICA C MOMOLULbIO OPraHHyecKHX KpacuTese, a TaK2%Ke OMN- 
THY€CKHX, XHMHYCCKHX, PCHTTCHOCTPYKTYPHbIX WH TePMMYeCKHX UCCeLOBaHHH. 

Hsyuenne B mpo3pauHbIx Wandax NOKasa0, YTO TIMHHCTHIe YaCTHIbI Hepes 
KO OOpasytoT NosoOue ceTuaToH cTpyKTypbi. MHorga oTmeyaiorcs ccbepovurTHl. 
I[ser riMHucToH maccb *KeToBaTbi. TloKasaTenu MpesOMIeCHHA 3aMeTHO HWE, 
yeM y KaHajickoro OasIb3ama. 

Okpaliupanue Kom0n_HOK ppakuun ranH<0,001 mM MeTuueHOBHIM Towy- 
ObIM IpHaer eH PuoMeTOBO-cHHUH uM CHHHM Weer, KOTOPHI Noce LO6aBKU Ha- 
CbileHHOrO pacTBopa KCI u3smeHserca Jo 3emeHoro. CnextpodotomerpupoBanue 
OKpallieHHOH CycneH3HH, MpOBeqeHHoe Ha cnekTporpade C®-4, noKaspipaer Ha- 
JMU B KOPOTKOBOJHOBOH YacCTH CMeKTpa NMOPIOWeHHA YeTKOTO MaKCHMyMa 
c 4 = 580—600 mp. Jo6apnenue KCl cmemlaer MakcuMyM B JJIMHHOBOMHOBYI0 
yacTb, B OOacTb 640—660 mu (puc. 2). 

ComAHOKHCJIbIH O€HSHIMH OKPallMBaeT TIMHUCTHIe YaCTHII B PpA3HO-CHHUi 
WBeT, a XPH30HHH — B KHPMMUHO-Kpacubil. 

Tako xapakTep OKpallMBaHHaA HW KPHBbIX MOFMOMeHHA U3Y4AeMBIX TVJIMH 
AOCTATOYHO ONpekeeHHO yKa3bIBaeT Ha HX MOHTMOPHJJIOHHTOBLIN cocTaB. SToT 
BbIBOA MOATBeEpKAaeTCH WH KOMIMJICKCOM Apyrux uUccwesoBaHul. 

Arperatbl OPHCHTHPOBaHHBIX TIMHUCTHIX YacTH<0,001 mm, NOJIyYeHHbIe 
mo metoquke M. ®, Buxynosoli (+), npegcTaBAloT BbITAHYTbIe, YaCTO CKPyyeH- 
HbIe OOPas0BaHUA C OMAHbIMM rpaHaAmu. Mx noKasaTenu MpeMOMMeHUA COcTAaB- 
asioT 1,504—1,507. 
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K cmamve A. M. Baox, cmp. 1042 


Puc. 1. Bentonutopas rauua. Ysen. 37 3 HUKOME || 


K cmamve I. C. Jle6edeeott,cmp. 1053 
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Puc. 2. Muxpocbotorpadus cneqoBoro aptorpada xpyctamuka 30-qHeBHOH KPbICbI, 3a0HTOH 4e- 
pes 24 yaca (BepXHMit pay) u uepes 60 cyTOK (HMxKHHH Pq) Moce BBeeHHA MeTHOHHHAa S*9, 
Skcno3suuna 5 cyToK. TemaTokcuHH-303HH. Ypen. 720 X. a — 30Ha OOpasoBaHHA XpycTamH- 
KOBBIX BOJIOKOH (I yuacTok), 6 — 30Ha, cooTBeTcTBylomjad IV yuacTKy mpu MoycuetTe TpekoB 
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XuMWuecKHH cocTraB dpakuui <0,01 mM vTakxKe xapaKTepeH Jia MOHT- 
MOPHJIIOHMTOBEIX TJIHH (B IpoleHTax): 


SiO, B Tom uncae Al,O; Fe,O; FeO TiO; CaO MgO K,O Na,O Il.n.n. H.O- Cymma 


6 
Os SiO, 
aMOpdH. KBaptta 


65,70 17,72 7,38 15,06 1,33 0,32 0,24 2,16 2,24 0,17 0,10 5,08 8,32 100,72 


IIpu xumuueckoM avamuse Hapayy c BaoBoli SiOe ompegenanach amopduas 
SiOz SiOz KBapya*. Brruntaa u3 BanoBol SiOz nocneqHue Be BeJIMUMHEI, MBI 
novyualu KomuyecTBO SiOs, cBA3aHHOe B ; 
KPC€MHEKHCJIOPOAHHIX TeTPasApax TIMHUCTHIX 
MHHepaJioB, KOTOpoe “U UCcnoONb30BaIH mpH 
MocwelyIoulu4x mepecuerax. 

_ CrpykTypHaa dopmyna OenTonuta 13 
Untuuckol o6., paccuuTaHHad no JaHHbim 
XMMHYeCKOrO AaHaJIN3a, TAKOBA: 


IMI-K CE 


Ali,e2FeS", Fe?t Mg, 4. [Al O19] (OH)e 


0,09" 13,91 


MouekyapHbie oTHOWMeHUA (Ipu ReOs=1) 
S102: R2Os: MgO = 4,3 ;: 1 : 0,36. Touno Ta- 
Kue %Ke COOTHOWeHHA MmpuBotatca THH3- Puc. 2. Cnextposotomerpuueckue 
Oyprom uw PykaBullHHKoBon (7) AA THnuMU- KpHBBe cycneHsHii, oKpamenHEIXx 
Horo OeHToHuta AckaHcKoro mecTopoxyeHua MeTHeHOBBIM rouyObmm (MI) uc 2O- 
B Tpysunu. Ecau caasatb MgO B 6-Keposut Gapnenuem KCL (MI + KCI 
MgO ‘SiOz, KoToppii, m0 JaHHbIM ynoMaAHy- 

TbIX ABTOPOB, HAaXOMMTCA B MOHTMOPHJVJIOHHTaX B Buse u3s0MopdHOH ‘npu- 
MecH, TO oTHOIWeHHe SiOz: ReOs OyeT COOTBETCTBOBaTh TeOpeTHYeCKOMY 
JIM MOHTMOPHJIJIOHUTAa COOTHOIUIeHHIO 4: |. 

Cojlep»kaHue KPpeMHHA B KpeMHe- 

KUCJIOPOLHIX TETPaSAPaX YHTHHCKO- 99° say? gag? an9° og? soy? BON? 709° BID? SOO NI” 
ro G6eHTOHHTa, paBHoe 3,91, Takxe 
VKa3bIBaeT Ha MOHTMOPHJIJIOHHTOBYI0 
npuposy rimHucTHx vacTuy. Ilo Tan- 
upim JI. II. Cepmiouenko (4), 3Ta BemH- 
WHHa Y MOHTMOPHJWJIOHHTOB KoueOeT- 
cA B mpeflenax 3,8—4,0. 

CnekTpaJIbHbIM aHaJIH30M yCTaHo- 
BI€HO HamHune BO Ppakunu <O0,0! Mm 
H€3HAYHTeEJIbHbIX KOJIMYECTB MapraH- 
la, BaHaquA, WHPKOHHA, MedH, rayi- Puc. 3. TepMorpadbuyeckne KpuBbIe 6€HTOHHTO 
MMA, OepHJWIMA, JaHTaHa, uTTepOuA Bol HHH B_ Les0M (a) uM ee dpak 

nuu<0,01 mm (6) 
H UTTPUA. 

O6meHHad e@MKOCTb COcTAaBHJIAa 
50 mr-akB Ha 100 r nopodul. 43 

PentreHo-crpykTypHbIe HccmeqoBanua. run mpopena T. A. Cugopenko. 
CbeMKa MIpOH3BOsMIacb B KaMepe JuamerpoM 57,3 MM C 2KesesHbIM HeUJIbTPO~ 
BaHHbIM H3/1y4eHueM B TeyeHHe 6 yac. OrpaxkeHuA MO] MaJIbIMM yIvIaMH 9 nomy- 
JaIMCb C Maso WeneBol Anadparmoit u MOBYWKOH BeMIMHOH MpHMepHO 15 uM. 
flonyyenuaa pentrenorpamma (Ta6u. 1) B Meramax HAaNOMMHAaeT PeHTTeHOrpaMMy 
SCHTOHUTOB OrsaHuIHHCKOrO MecTopoxKyeHuaA B TypkKMeHHH, Tle MOHTMOPHJI~ 
NOHUT HaXxOANTCA B TeCHOM cBA3H C KpucToOamuToM (°). OOpas0BaHne KPHCTO- 
jaluTa ceyer CBASbIBATh C PaCKPHCTaWIMsallMeH BYJKAaHHYeCCKOTO CTeK Ja. 

Ha repmorpaduyeckux KpuMBbIx (puc. 3) XOpollo BbIeIAOTCA TPH SHAOTEP~ 
MHUeECKHe OCTAaHOBKH, THMMUHbIC JIA MOHTMOPHJIJIOHUTAa: NP 130—150° (BpI- 


S&S 
U/, 


HO HO 589 G2Q G60 700 7a 76h 


* Onpegenenve SiOz KBaplla NpousBogusocb M0 MeTOLy 2. C. 3ammaH3ou (°). 
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jeneHHue MexKnakeTHOH Bob), mp 610° (BbIqemeHHe KOHCTHTYWMOHHOH BOJbI), 
mpu 940° (paspyuieHue pellerKu MuHepaa). 

C KauecTBeHHOM CTOPOHBI MmpoOa Oe€HTOHMTOBOH TVIHHbI H3y4aslacb M. C. Me- 
paOumeusam u C. C. PunatoBpim (Kapka3cKui MHCTHTYT MHHepaJIbHOTO CbIPbA). 
B npHpodHOM Bufe MIMHa OTH4aeTCA CHJIbHOH arperupOBaHHOCTbIO H MOA WeHu- 
CTBHeM HaTPHeBbIX COvleli MpakTHYeCKH He Aesarperupyer, 4TO cieAyeT CBASBI- 


T-a1O uli! 


PentreHopckaad Xapaktepucruka dpakuuuy <0,01 mm 


NoNe | NoNe | da NON | doe NoNe | da NoNo | da 

eos A ! |) ouenii Fae A v ok ae A ! a ere? A I HHH |? A / 
4 14,58 9 6 |2,46 3 MA NAR S206 16 | 4,297 9 m1 21 AAOSSIU EZ 
Z 4,40 3 7 2.98 { WD |) || ATTA ENS Tale 22 Ay 050i) 2 
} 3,997) 8 sy (fee, Sle 24 lesa ent |) 18) 18 |41,180]5 23 1 032) 
A 3,74 2 9 }4,995} 4 AON AREA ya 19 4 ai53. 2 24 A044 2 
5 miners Ww ah) (Oa a 872 { “bay lal PasTASyIll) A PAO) || AOS)55 |) 4 De) 0,983) 4 


BaTb C NIPHCyTCTBMeM B Hel OO/IbLIHX KOJIMYCCTB AMOP@HOH KPCMHEKHCJOTHI. 
B To Ke BpeMA OHa OOsaqaeT XOPOWMMH OTOeIHBaIOWIHMH CBOMCTBaMH, 
He ycTymad mo cBoelH adcbeKTHBHOCTH 3BeCCTHOMY B CTpaHe MHHepab- 
HOMy acop6eHTy —- ryMOpuHy BbICOKOrO KayecTBa, KOTOPHI B GOJIbIUMX KOJIM- 
yecTBaX HCHOJIb3yeTCA Ha He*reneperoOHHbIX 3aBOAaX UM B XRKHPOBOH MPOMbILIJIeH- 
HOCTH. 

Untuuckas OeCHTOHUTOBAaN TIMHa WpescTaBsaAeT coOoH, Kak YNOMMHAJIOCh, 
MpOLyKT U3MeHeHHA TYCPOB KBapleBHIX Nopdupos. HaKonmenue TOM ApecBa- 
HMKOB, ABJIAIOULUXCA BMeLLaIOWLUMH JIA OCHTOHMTOB, COMPOBOXMaOCcb HHTeH- 
CHBHbIMH BYJIKAHHYeCKHMH IpoleccaMu, HU HasIMuve NMPOKMAaCTHYeCKHX NOpoL, 
BIWIOTb JO MeMOBLIX TYPOB C THNHYHIMH POry/bYaTbIMH OCKOJIKaMH BYJIKaHu- 
yecKOrO CTeKJIa, OTMeUaeTCA JIA HAX JOBOJIbHO YacTO. 

OrjioxvkeHHe MMpOKacTHYecKOrO MaTepHalla, KaK WM TpaHHTHOH pecBbl, 
apie Hauao TenepelHHM ApeCBAHHKaM, MpONCXoOAusO, BUAMMO, B OOLIMp- 
HbIX O3CPHbIX BOJOeMaX, CYIICCTBOBABIUHX Ha HH2KHEMCJIOBOM KOHTHHEHTE. 
O6 9TOM, B YaCTHOCTH, TOBOPAT MHOFOUHCJICHHbIe HAXOKH Cpe J peCBAHHKOB 
Hw TyPoB MmpocsoeB camponeseBoro BelllecTBa. 

CopeplleHHO ACHO, YTO MpOleccoM, KOTOPbIt NpuBes K OOPas0BaHHlO GeH- 
TOHHTOBbIX IvIMH, He MOF ObITb 1polecc rasIbMMpOIH3a, T. €. NOABOAHOTO pa3- 
JIOXKECHHA B UWeJIOUHOH Cpese MOPCKHX BOL, C KOTOPbIM OObIUHO CBASHIBAIOT PeHe- 
3UC OCHOBHBIX MecTOpOxXJeHHH O€HTOHHTOBBIX TINH CoBetcKoro Corosa (AckaH- 
ckoe, OrjaHmuuckoe, ymOpuuckoe u 2p.) u Coetuuenxpix Utaros AmepuKu 
(Batiomunr, Apusona, Jlaxota u Ap.). Sto mpeqnomoxenne oTnaaer yxKe n0TO- 
MY, 4TO IVIMHbI 3aleraiwoT CpeqH ABHO KOHTHHEHTAJIbHbIX OTJIOMKeHUH. 

., Bowee BepoaTHO UX THAPOTepMa/IbHOe MPOHCXO*KeHHe, MOCKOMbKY BO BMe- 
ULarouluX JPeCBAHHKAX H3BeCTHbI MPOABJICHHA THAPOTePMAaJbHOM eATeIbHOCTH. 
YMecTHO OTMeTHTb, YTO HaWOosee KPYNHbIe THAPOTePMaJIbHbIe MeCTOPOX*KLeHHA 
OeCHTOHHTOBbIX TvIHH B KomuaomxKe (Bexrpus) u Ha o. Tlonna (Mranua) cpa3aHp 
€ pHomMTOBLIMU Tydamu (°), T. €. C KalHOTHMHBIMH aHaloramH TyoB KBaplle- 
BbIX MOPPupoOB, KOTOPbIe ABJIAIOTCA MATEPHHCKMMH JIA YHTHHCKHX OCHTOHNTOB. 

OHaKO 9TH BHICKaSbIBAHHA CyleyeT PaCCMaTPUBaTb Kak CaMbIe MpelBapu- 
TebHbIe. Mmeroujulica MaTepuas ellie Kpaltwe HeocTaToueH AIA Somee yBepeH- 
HOO CyKJeHHA O reHesHce 3eWIHHX O€HTOHHTOBBIX TIHH. 

B Hacrostee Bpema 3a YpasoM mpakTHYeCKH OTCYTCTBYIOT KPYMHbIe MeCTO. 
poxkqeHHA OeHTOHHTOB. HeOoubulue UX MecTopoxeHuaA Ha JlanbHem BoctoK, 
paspadaTbIBaloTCA IX MeCTHBIX HY%K, HW OypHO pasBuBalolllasca Hecrenepe. 
paOaTbiBalollad MPOMbIIJIeEHHOCTh BOCTOUHBIX PpalOHOB CTpaHbl BHIHYK Ley, 
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MOJIbSOBaTbCA TMPHBOSHbIMA MMHepPaJibHbIMH copOeHTamu. TJostomy HaxolKa 
B SaOalikabe BbICOKOKaYeCTBEHHbIX OCHTOHUTOBBIX TIMH, KOTOPbIe B IIpHpod- 
HOM BHjle, Oe3 IpeABapuTeIbHOH XMMMYeCKOM aKTHBAMN, MOryT HCHOJIb30BaTb- 
CA JIA OUMCTKH He*renpoyKToB, AouwKHA MpPHBeYb BHUMAHHe PasBeOUHbIX 
opraHusainu. Briroquoe reorpatuyeckoe pacnooxKeHue mecTa HaxoyKu (06- 
WKUTHIM PalOH, OHSOCTb %ReNesHOl AOPOTH) ABMAeTCH JONOMHUTEIbHBIM (pak- 
TOPOM B MOJIbSy NOCTaHOBKH CHelMabHbIX Pa3BeNOUHbIX paOoT H NO3BOuIAeT 
| PaccUNTbIBaTb Ha TO, 4TO, B CLydae OOHAPy2KeHHA TaM HeOOXOAMMOrO MHHAMYyMa 
43amacoB, MecTOpOxK enue OyeT OCBOCHO MPOMBILLJICHHOCTbLIO B CaMbIe KOPOTKHe 
\CpOKH. 


Beec 103HbIi HHCTHTYT _ _ Tlocrynuao 
MHHepaJIbHOrO CBbIPba HIP VAR 959 


HWMTMPOBAHHAA JIMTEPATYPA 


1M.®.Buxkyaosa, Kopa ppetpusanna, B. 1, M34. AH CCCP, 1952. ? HW. U.T uus- 
Oypr, W.A. PykKapumuukosBa, Munepanbl pepHeli KOpbl BbIBeTpHBaHHa Ypana, 
‘Visa. AH CCCP, 1951. §39.C.3aamauaon, Kopa Bbipetpusanna, B. 1, Usa. AH CCCP, 
(1952. 47. Tl. Cepazioueuxko, Marnesnaibuble NaparainyasuTbl M Apyrue MOHTMopMu- 
JOHUTOBLIC MHHePaJIbl 3 IOPCKHX OCayKOB Ha CeBepHoM Kapxkas3e, Bonp. netporpaduu u Mu- 
Hepanoruu, 2, U3q. AH CCCP, 19538. °C. II. Wo6o0nm08B, Mecnex. uw ucnonps. raun. 
Vi3y. JIbpospck. yHus., 1958. 
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Jlokaagun Akagemun nayr CCCP 
1959. Tom 128, Ne 5 


MHHEPAJIO‘HA 


C.M. KPABUEHKO u E. B. BJIACOBA 


O PEXKOMETAJIDHOM MHHEPAJIM3ALLMM, CBASAHHOM 
C HE®EJIMHOBbIMH CHEHMTAMH WEJIOUHOM NPOBHHUMH 
WEHTPAJIBHOrFO AJIJAHA 


(IT pedcmaeneno axademuxom J. H. Mlep6axoeom 11 1V 1959) 


Paiion pa3BHTHA MarMaTHYeCKHX NOPOA, BXOAAMMH B COCTaB Me3O30liCKOTO 
Komnsexca Llenrpambuoro Amana, pacnosoxeH B WeHTpasIbHOH yactH AmaH- : 
ckoro wuTa. On cooTsercTByeT riaBHOH uacTH OnbKeHCKOH 30HbI IO. K. J13e- ' 
BaHoscKoro (°). | 

fO. M. Weitumayom noka3aHo, YTO aHasIOrMUHble OOPas0BaHHA PasBUBaloTCA 
B mpefesax mlaTPOpM, HO PeHeTHYeCKN CBASAHbI C NPOABJICHHAMH BYJIKaHH3Ma 
COCeHHUX PCOCHHKJIMHAaJIbHbIX OOmacTel (”). Hecmotps Ha To, uTo LlenTpambupil 
Anau MOUTH YeTHIPe JeCATHJICETHA H3BECTCH KAK 30JIOTOHOCHbIN paHoH, MHOrHe 
KOPCHHBI€ BOMPOCb! TeOJOTHH H PeOXHMHH, UPe3BbIYaHHO CJIOHKHOTO Me3030]i- 
CKOrO MarMaTHYeckoro KOMMIeKca, elle *KAyT cBoero paspelleHua. 

[lerporpadua Kommsekca BecbMa NofpoOuo u3yyeHa OarodapaA U3BeCTHbIM 
padotam IO. A. BuauGuna (?,*). Lannpie sToro uccieqoBaTesA CBUeTEbCTBYIOT 
© TOM, YTO B COCTaBe MarMaTHYeCKOrO KOMIMIE€KCa WEOUHbIe NMOPOAb, H B TOM 
yuce He*peJIMHOBbIe CHCHUTHI, UPpaloT CYWeCTBeHHY!0 poslb H TO LleHTpasbHbIt 
AajaH cmelyeT paccMaTpHBaTb Kak WeOUHy!0 NPOBHHLUO. 

B 1957 r. aBropamMu ycTaHOBJIeHO, YTO C HedpeIMHOBbIMH CHCHHTAMHM CBASAHbI 
MerMaTHTbI C THNMYHBIM AIA KaCCHYeCKHX PaHOHOB Pa3BHTHA WeNOYHBIX NOpor 
MapareHe3HCOM, BKJIOUAIOWHM peAKOMeTaJbHbIe MHHepabl*. TlermaruTpi ycra- 
HOBJICHEI B coctaBe MuarsuucKkoro, blupmaxckoro, AkoKkyrckoro u TomMMoT- 
CKOrO MaccHBoB. PeKOMeTaJIbHbI€ MHHePaJIbl yCTAHOBJIeHbI B Apesetax Muar- 
suackoro uw blaabmaxckoro MaCCHBOB. 

Handoulee HHTepeCHbIMH ABJIAIOTCA MerMaTuTbHI MuaraMHcKoro maccuBa, 3a- 
sieratolue B AYHHTaX HW IpecTaBsAtolulMe COOOH yHuKaIbHOe mMecTopoxeHHe 
BeCbMa PpeAKHX cuIMKaToB Ba u Ti, a Take paM3anTa, SBuaUTa, ypaHoTOpuTa 
H ApyrMxX MuHepaoB. SHauMTebHbIM MHTepec MpeACTAaBALOT TAKXKe WerMaTHTbI 
BluibiMaxckoro MaccuBa, 3aseraioujue B KPOBsIe HedeMHOBLIX MYyCKOBHTH3H- 
POBAHHbIX CHCHHTOB, B BUC KPYMNHbIX WIaCTOBbIX Te. B onpewemeHHOH CBA3H 
© HHMM yCTaHOBJIeHbI WONAaPHT H MaMMpodussaur. 

B mpegxenax Muaranuckoro MaccuBa peAKOMeTAaJIbHbIe MUHepabl yCTaHOBWIe- 
HbI B STHPHH-apPBeCOHHT-MUKPOKAHHOBBIX MCPMAaTHTAaX C HATPOJIMTOBbIMH HM 3TH- 
PpUuH-aIbOMTOBLIMH 30HaMH. T‘naBHbIMM MHHepalaMu 9STOrO THMa MerMaTHTOB 
ABJIAIOTCA: MUKPOKJIMH, ALyAAPOBHAHbIM OPTOKNAa3, HATPOMUT, STHPHH (Tpex re- 
Hepalui), apdBeycouuT (4ByX TeHepallmi); BropocreneHHbIMH — abOuT, He- 
cbemuH (3amelleHHbI WeomuTamu), HOBbI cumuKaT Ba u Ti — «6atTucut»**, 
BepMUKyJINT (SameulaiollM apdBekconuT), paMsavT, 9BaManuT, anaTuT, rpa- 
(pur, TaeHHT, XaJIbKONUPUT, CJIO%KHBIM KOMNONA Ppynmbl WHrycyuTa, Mala- 
XHT, WeppycuT u Ap. Munepanamn, coslepxaliumMu CylecTBeHHbIe KOHUeCTBa 
peqKHX 93JIEMCHTOB, XaPaKTePHbIX JIA WeNOUHbIX KOMMIeKcoB — Nb, Ta, 


* B nouespix pa6otax 1957 r. yuacrsosan B. I. 3omorapes. 


** Tlonpo6uomy onucaHwio <6aTHcuTa» MocBAMeHa CNelWMalbHad CTaTba, MOMroTOBMeHHad K 
meuaTu. 
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Ru Zr, ABJIAIOTCA PaM3aHT, <OaTHCHT», YPaHOTOPHT, 2BANAIT, pelKosemeyb- 
bid alartur. 

PamsanT Bcrpeuaerca B Bue TAONTUATHIX M MFOMbYATEIX KPUCTAJVIOB. 
ocmeqHue OOpasyloT paluabHO-JyUUCTbIe arperaTh HW ABISIOTCH Goee m03]- 
MMH OOpasoBpanusaAmu. Tounomerpwyueckuve ucCeqOBaHHA NMO3BONMIH ycTaHo- 
BUTb Hamuune copm (100), (210), (321). Ocesnie orHomeHua a:b:c¢ = 
= 1,659: 1: 0,606. Ta6nuruatbie KpucTasbl O6aqalor KOpHuHeBOl H TeMHO- 

OPHYHEBOH OKPacKOli, HrombuaTLIe — CBeTJIO-KOPH4HEBON, HHOFa posoBaTon. 
Yn. Bec 3,4 (cpeqHee u3 AByX onpeseneHul MeTodOM ruypocratuyeckoro B3Be- 
tuuBaHusa). [Ineoxpou3mM 3aMeTHblii: m0 Ng CBeTJIO-KOpHUHeEBHIN, 10 N,— cpetT- 

o-KesTbIH. 2V oxon0 40°. YanuHeHve momoxKutTenbHoe. NV, = 1,896, Nz = 
= 2,036. Pesynbratbl XHMMYeCKOrO aHasu3a, mpoBesenHoro 3. H. Byposoi, 
jeyroulne (B mpollentax): . . 


SiO» TiO. Al,O3 Fe,Og MgO CaO+SrO Na,O K,O Nb2O Ta.Os H2O > 
2,00 43,00 41,06 0,63 0,39 1,16 16;55 0,30" “1,40 0,30 0,30 99,99 


_ CnexTpaJIbHbIM aHaJIH430M yCTaHOBJIeHbI COTHIe JOH mpoueuta Cr u Mn u 
TBICAUHBIe NOM polenta Cu u V. Coyep2kanue oxucsiop Nb u Ta B AkyTCKOM 
pamsanTe NpHMepHO Takoe Ke, Kak H B XHOHHCKOM. Kpome Koupcxoro nouy- 
ocTpoBa B Mpefemax CCCP pam3auT yka3aH B mermMaTuTax maccuBa Kouzep, 
OJHaKO JaHHbIe O €fO XHMMYECKOM COCTaBe OTCYTCTBYIOT (7%). 

Batucut—cusukat Bau Tic xumuyeckoh dopmysmou Na,BaTi, [Si,O;],— 
110 HeKOTOPbIM CBOHCTBaM OM30K K UlepOakoBuTy (°), oTuacTH 2KOaKH- 
nuty (°). Conepsxut -Zr (1,90%) u Nb (0,36%). Berpeuaerca B Bue KpymI- 
HBX (fo 10 cm B AHHY) YJIMHeEHHHIX TaOJIHTYaTBIX KPHCTaJVJIOB, mM puypo- 
YeHHbIX K HHTEPCTHILMAM KPHCTaJJIOB MAKPOKJIMHa, pexke K MMapouiaM. CuHroHuA 
poMOnyeckaa. ToHvoMeTpHueCKHMH HccJIeOBaHuAMU ycTaHoBseHb! (010), (001), 
(110), (031), (150), (O11), (3810). OceBnie orHomenus a:b:¢c = 0,755: 1: 0,584. 
i[BeT TeMHO-KOpHUHeBHI, B MOpOwKe posoBaTHIi. CnanocTb cpezuaa mo (100). 
Tspepnoctb 5,9, MukpoTBepfoctTb 764 kI’/mm?. Yq. Bec 3,432 (cpeqnee 43 AByX 
ompefemeHufi MeTOAOM YrHApoctaTuyeckoro B3BewmMBaHHs). Murencusnolit 
HWeoxpou3m oT GecrBeTHoro m0 Np Lo »*esITOBaTO-KOpHuHeBOrO 116 Np» W KpacHo- 
Bato-kopuuHesoro 10 Ng. 2V oKosio 8°. Y qMHeHHe NOORKUTeMbHOe. Np = 1,727; 
Be), 7322 Nf Sj 789 Ng — "Np = 0,007; WN gS Cp) Ni ON, =a: 
Jiucnepcua cutpHad r<v. TnaBuble mexKnvlocKocTHble paccTrosnusa: 2,615; 
4,009; 3,023; 1,947; 1,482 A. Temneparypa nnapnenua 1005°. Pe3yabrati 
XMMuYeCKOrO aHasH3a, mpopegeHHoro A. B. Bpikopoi, calelyroulve (B mpo- 
MeHTax): 


SiO, Nb,O; ZrO, CaO BaO Al,O; Fe,0, MnO SrO H,Q+ 
B9500' 490,365 414,90, - 0,27. 722,00 0,9 WOH CORO ONO (OaX0) 
TiO, MgO Na,O K,O Terese x 
22,00) Vaca 198,420.08 2,60 0,10 99,95 


@orometpuyecku onpeseneno: NazO 9,03%, KeO 2,67%. XumuyeckuM anavin- 
30M M43 OTIembHOM HaBecKkH ycTaHoBseHO F 0,07%. B unariMHcKHx nerMaTuTax 
cojlepxKaTcaA u Apyrue cuuKaTE! Ba u Ti, usyyeHue KOTOPHIX Npodom«Kaercs. 
YpanotopurT cogepxut 6% UsOg, onpeseeHHoro dayopomeTpuueckn, 
wu 46,6% ThOs, onpezenenuoro JI. JI. Jleohopol xumuyeckH c apceHaso-2 (TOU- 
HocTb 5%). CnekTpasbHbIM aHaJIM30M yCTaHOBJIeHO Oovblloe KOsHYecTBO Mg; 
Qecatpie Jomu mpouenta Fe, Ti, Ba, Ca, Al; corpie Jonm mponeuta Mn, Pb, 
Sr, Cu. Hanmuve yKa3aHHoro MMHepana B STMPpHH-aMbONTOBbIX 30HaX H MHa- 
powmax HeKOTOpbIx NermMaTuTOB Mnariu ABsIACTCH MPMYHHOM U3BECTHBIX PaHee 
peSKHX CyryOO JIOKaIbHbIX PpakMoaKTUBHbIX anoMasui. Munepad Hadviofaerca 
B BUJe KeecOOpPasHbIX BHIeeHUM 2%KeNTOrO WBeTa B CBASH C aJIbOHTOM HM SrupH- 
HOM TpeTbei reHepatun. B mpoxogsujem cBere — KopHuneBato-xKerThIi. B 3a- 
BUCHMOCTH OT CTeMeHH PHApaTalluN OKPaCKa Me€HAeTCA OT KOPHUHEBATO-KeJTOU 
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B MeHee PHpaTH3MpOBaHHbIX pasHocTAX No xeToBaTON. IloKasaTedb MpesOM- 
JICHHS COOTBETCTBEHHO U3MeHAeTcA oT 1,674 Jo 1,621. 

InkuaauT sBcrpeyaerca B BUC MCIKUX, Kak MPaBHJIO, M3MCHCHHbI 
KPUCTAaJJIOB, IPHYPOYeCHHbIX K HHTEPCTHUMAM KPHCTAJVJIOB MUKPOKJIMHAa UM acco: 
WMP yloulux ¢c abOuTom. I]neoxpousm oT MasuHoBorO lo Ng Jo %KeTOBATO 
posozoro no Np. Moxa3arTeub npesoMAeHHA B Ooulee HSMCHEHHBIX H C1a00 OKPa: 
INCHHEIX B MpoOxosulem cBere pasHocrax cHuxaetcn. N,= 1,610—1,603 
N,= 1,616—1,608. Mecramu muHepan usoTponusupopan. J{ucnepcuaA 3aMer 
Haat r>v. CnekrpambHbIM aHaJIH30M YyCTaHOBJIeHbI Ooviblive KOuIMYeCTBa Si 
Mg, Ca, Zr, Na; qecaTpre Jomu mpoweuta Y, Sr, Ba, Nb, Ti, Mn, Al; cote Jo- 
jim mpomeuta La, Pb, Cu, Cr. - 

Anavrut, no JaHHbIM cieKTpasibHoro aHau3a, CoLepxKUT OKOIO 1% pe 
KHX 3€M@Ib HTTPOBOli uM WeppoBoH rpynn u, YTO OCcoOeHHO HHTepecHO 
Gouee 1% Ba. Kpucrasabl anaTuTa IpHypoOueHbl yiaBHbIM OOpasoM Kk yuacTKay 
CKOMNIeHHA apdBesconuTa; yacTo mpopacraior MUKpOKJHH, Aocturas 1,5 cn 
B Auuny No = 1,646; N, = 1,633. | 

Jl MHOrHX MHHepasIOB MerMaTHTOB XapaKTePHO HaJIMUHe CYILeCTBEHHbIA 
KOJIMUeCTB OapHA, B YaCTHOCTH B allysApOBUAHOM opToKase A. B. Bpikoeot 
XHMHYCCKHM aHaH30M ycTaHoBseHo 2,0% BaO. 

B mnpegenmax b!ampimaxcKoro maccHBa, KaK OTMeY¥asOCb, PeAKOMeTAJIbHBIE 
MHHepasibl — JOMApHT HW aMMIpoduJIJIMT — yCTAHOBJIeHbI B CBASH C IaCTOBbr 
MH TeJIaMH MerMaTHTOB, JOCTHTalOllMMH MO MOU[HOCTH HeCKOJIbKHX MeCTPOB. 
YcTaHOBJICHHble MIACTOBbIe Tea Me€PMaTHTOB 3aeraloT B KpOBe He*eIMHOBEIX 
MYCKOBHTH3HPOBaHHbIxX CueHuTOB. JlonapuT H MaMMpOduIUT KOHCTaTHPOBaHBl 
B MIpOTOMOUKAaX MPOObl KPYNHOKPUCTAaIMYeCKUX CHCHHTOB, B3ATOH B 30HE pas- 
BUTHA MePMaTHTOB, aeK CeIbBCOePrHuTOB HW aJIbOHTHTOB B BeEPXOBbAX Kwroya Lleo- 
uutosoro. JlamnpodummuT ycTaHOBJI€H Tak%Ke HeMocpescTBeHHO B_ wiTydax 
KPYNHOKPHCTaIMYeCKUX HedesMHOBbIX CHeHUTOB. B mpoTomoukax Mpo6 caMbIx 
Ml@fMaTHTOB YKa3aHHble MHHepaJbl He KOHCTaTHPOBAaHBl. 

JlonapuT uarHocTupoBaH conocTaBeHHeM j\eOaerpaMMbI MUHepasa 
¢ 3TaIOHHOM AeOaerpammMol xuOuHncKoro monaputa. JlonapuT HaxOANTCA B TeC- 
HOM CpacTaHHH C aJIbOHTOM H, NO-BHAUMOMY, CBA3aH C aJIbOHTOBBIMH HPOXKUA- 
Kamu. Pa3mep Kpuctamm0B 0,08—0,5 mm. IloxasaTrenmb npenomieHuan N = 2,36. 
B nojaBAlolleM OObUIMHCTBE CyuaeB JONaPUHT UpeACTaBJeH MPOCTbIMM KPH- 
cTasaMu KyOuyYeckoH (POpMb!, OUCH PeKO — CABOHHHKOBAaHHbIMH M0 (bKOOpH- 
TOBOMY 3aKOHy. 

JlaMupoO@uAAUNT AMarHocTHpoBaH conocTaBeHveM JeOaerpaMMbl MHHE- 
pasa C 9TaJIOHHOH JeOaerpamMMoH xHOnHCKOrO JamMupodussuta. TIpeqcrapser 
IIaCTHHYaTBIMH KpHCTasaMu pasMepom 0,5—2 mm. IIneoxpov3m 3aMeTHbIit 
no Ne xentHli, 10 Np, OneqHo-xeuTE. Tucnepcua onTHuecKHX Ocel cpesHas 
SNe = 17742 NG al 34, QV sexo. os 

H3102eHHble BbILMe JAHHbIC CBUCTEIbCTBYIOT O TOM, YTO B Mpewemax me0U- 
HOH npopunnu LlenrparbHoro Anjana mpolecc dopmupoBaHuaA merMaTuTOE 
He*eJIMHOBbIX CHCHHTOB IIPHBeEJ K OOpas0BaHHlo psa MHHEPaOB, colep2xallny 
Nb, Ta, Zr u TR. OqHoBpemeHHo O6pasoBaucb CnuiuKaTs Ba u Ti c oueHb BBE 
COKMM CoJep2kaHuem okucH Oapus. Jlo cux nop cumukatsi Ba u Ti c comxep»xKa 
Huem BaO Gonee 20% OnlmM sBeCTHHI JHU B KanncdopHun (6eHNTONT, 12K 
akuunt (1°)). B nelixoccdenute uz Tpensanyun (*) comep2xanne BaO nouru BABos 
MeHbine (13,75%). Pa MATPy3HBHBIX NOpod WenouHoh npoBuHunu Leurpanp 
Horo AvijaHa 3ameTHo OOorauleH BaO. Tak, B HecbenMHOBLIX CHeHUTaX blur 
MaXxCKOro MaccuBa CofepxkaHue BaO paBuo 0,21—0,37% (?,°), B ulionutax — 
MaJIMHbuTaX — WOHKHHUTAaX Mnarau, no ganubM B. H. Ilyxuna ul. T. Mo 
ryiepou, 0,39—0,65%. YkasaHHble KOHUeHTpalun B 3—9 pas npeBpillialo 
Klapk Ba B 3emHoi Kope no A. II. Bunorpagosy (1956 r.) vB 1—3 pasa Gonmbun 
cpeqHux coxepkanui Ba B HepennHoBbIx cueHuTax no B. YU. TepacumoscKomt 
(1956 r.). : 

Paylom uccefoBaTeneH OTMeYaOCb CXO{CTBO HeKOTOpPHIX oOcoGeHHoOcTel 
Me3030HCKOro MarMaTHyecKoro KomnueKca Llentpanbuoro AujaHa uw MarmMaTu 
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€CKUX KapOOHATHTOHOCHBIX KOMMJI€KCOB BOCTOYHBIX palioHoB AsmjaHcKoro 
mura (*,”) 1 Moutanpri (7). 10. A. BunuOnnbim noquepKuBanocn cxoxcTBo bluvbi- 
axCKoro MaccuBa w MaccuBa Marner Kop B ApkauHsace, B CBA3H C KOTOPbIM 
akoKe YCTAHOBJICHbI KapOOHaTHTHI. 

Ilo naumm jaHHbim, Kpome blaubimaxckoro maccuBa maccuBy Marner Kos 
JIM30K Take wu AkokytTcKul (pation Kmo4a JIuKoro). 
| Takum o6pa3om, ofHOl M3 OCHOBHbIX 3aau¥ JambHeliluero usyyeHHA reoxu- 
(MMM MarMaTuyeckoro KommieKkca LlentpambHoro Asana ABIAeTCH BbISCHeEHHe 
jpomm Nb, Zr u TR B ero cocTaBe M BO3MOXHOCTH Haxox*KeHHA 3ecb KapOoHa- 
ITHTOBBIX T@JI. 
AxBTopbl IpHHocAT rryOoky!o 6narogxapHoctTh JI. C. Bopognuy, E. VW. Ceme- 
jHopy u HU. I]. TuxonenKopy 3a pa IWeHHbIX COBeTOB H 3aMe4aHHli, a Takxe 
A. B. Borxosoli, 3. H. Byposoit u JI. JI. Jleonosoli, npon3sBoynBium xHMH- 
yecKHe aHau3bl. OnpeyemeHus yleJIbHbIX BeCOB MMHepasioB, MeOaerpaMMb! 
HW CICKTPaJIbHble AHAH3bI CACIaHbI B WaOOpaTOPHH MUHEpaOrMyecKUX MeTOJOB 
MCCJIeMOBaHHA, PCHTTEHOCTPYKTYPHOH saOopaTopHN HM CHeKTpasIbHOH sadopa- 
TOPHM HHCTUTYTA. 


MuctuTyT MuHepasoruu, reoxuMun Tloctynuao 
M KPHCTaIJIOXHMHH PeAKUX 3JICMeHTOB 10 IV 1959 
AxkajlemMuHu Hayk CCCP 


UWHMTHPOBAHHAA JIMTEPATYPA 


YT. B. AuyApees, Matep. ko sTopomy scecolo3H. MeTporpaduy. copeml., TaviKenr,, 
(1958. ? 10. A. Buau6uun, Merporpapbua CCCP, cep. 1, Pernonanbuas netporpadus, 
B. 10, Mag. AH CCCP, 1940. % 10. A. Buau6unu, Ilerporpapua blanpimaxckoro untTpy- 
3uspa, M., 1947. * Teonorua MectopoxjeHul peqKuXx SeMeHTOB, B. 1. PegkKomMeTasbHble Kap- 
OonntuTn, M., 1958. ® 10. K. Msepanosckuih, Matep. BCETEM , nos. cep., zs. I 
MO50)2- es. Ee. Ma Cb ROB dd, mM. ae Kea sa kopa, | VARS 99" “Noo Selo). 
770. M. Wlet Human, Cops. reon., Ne 1 (1958). 8®O.B. Boéggild, Mineralogia 

Groenlandica,!905.. ° V.C. Fry klund, R.S: Harner, E. P. K aiser, Geol: Surv. 
Bull., B 1015, 1954. 40 Ch. Palache, N. F. Foshag; Am. Miner., 171, 308 (1932). 
1 H.S.Washington, Geol. Soc. Am. Bull., 11 (1900). 
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Jloxaagn Anxagemun nayx CCCP. 
1959. Tom 128, Ne 5 


TIOYBOBEJEHHE | 


Bb. H. MAKAPOB 


O NPHYHHAX BOJIEE BbICOKOM KOHUWEHTPALMH CO, 
B MOUBEHHOM BO3SAYXE HYDOKHHX CJIOEB MNOUBBI | 
mo CPABHEHHIO C BEPXHUMM 


(II pedcmaeaexo axademuxom H. B. Twpunom 5 VI 1959) 


UccneqopaHua mo ompezemenutio cofepxaHua COz B MOYBeHHOM Bo3yxe. 
COriacHO MOKa3bIBal0T, UTO B HHKHHX COAX NOUBbI HaOMOMaeTCA Ooslee BbICO- 
Kad KOHWeHTpalua COz, vem B BepxHHx (147-1112), Mexyy Tem, NIpoyUHpoBa- 
Hue COz nleT 3HAYHTeIbHO HHTCHCHBHEe B BEPXHUX COAX MOUBbI, UCM B HWK- 
HUX, 3a cueT ONOMOrMuecKUX MpoweccoB (ocHOBHaA Macca KOpHeli pacrenuli co-: 
lepxkuTca B BepxHem O—20-caHTHMeETPOBOM CJIOe€ NMOUBbI, OOUlee KOJIHYeCCTBO 
MUKPOOPraHH3MOB C TiyOHHOH pesko nafaet — 2, 5, Y). 

Ilo muenuio B. B. Matkesuy (5), cyulecTByeT BocXxoAallee WHPy3uBHOe Me- 
peapuxkeHue COs, H NOCTOAHHbIM HCTOUHHKOM MOMOJIHEHHA YIJIEKHCJIOTHI B Ca-: 
MbIX I'IyOOKHX TOPH30HTAX MOUBLI MOLyT ABJIATbCA TPYHTOBbIe BODHI. 

IIpoTHBonoo2xKHYy!O TOUKY 3peHusA BbICKa3spiBaeT B. H. Muna, KoToppii mo- 
BbIIeHHe KOHUeHTPpalluu COz B HHXKHHX COAX NOUBbI OObACHAeT TEM, YTO IPH 
HEKOTOPOH 3aMeIeHHOcTH uddy3sun mponcxosuT HaKonenue COz B nouse, 
HW MOCe€AHAA, KAK OTHOCHTCIbHO TAKeNbI ra3, «cTeKaeT» BHH3 NO Mmpodusio, 
B Ooulee riyOokue TOPH30HTHI NOUBBI (°). 

B. H. Muna Opi nocTaBsjeH CnelMaJIbHbIM OMbIT, B KOTOPOM BepXHHHi M10J0- 
POAHEI CON MOUBbI (YepHO3eM) H3O0JIHPOBaJICA OT HHKHETO TOeM H OMpelemsA- 
JIOCb Coflep*KaHue COz B MOYUBEHHOM BO3AyxXe MON TOMeM HM Hal HHUM. OgHaKo 
BbIBOAbI H3 STOO OMbITa He yOexKMaloT HaC B MPaBHJIbHOCTH BbICKa3aHHOTO 
B. H. Muna o6bscHenna. 

Tloppnuenue KOHWeHTpallun COz nok TomeM MO CpaBHeHHIO C KOHTPOeM 
yKasblBaeT He Ha «creKaHHe» COz BHH3, a HaOCOpoOT, Ha Auddysuio ee B BepxXHHe 
cou. Bricokad KOHIWeHTpalua COz B NOUBEHHOM BO3yxe Haj, TOJIEM, MOXKeT 
ObITb, Oba BbIsBaHa B OMbITe B. H. Muua 6osee BbICOKOM BaKHOCTbIO NOUBBI 
Haj TOJIeEM, BCJI€CACTBHe YeroO NOBbICHIOCb mpoAyuupoBaHue COz noyBok u no- 
HH3HJICA TrasooOMmeH. 

Bpicokoe coflep»aHue COz B NMOUBEHHOM BOsyxe B HHXKHUX CJIOAX NOUBbI 
MbI CKJIOHHbI OOBACHUTb Oolee HHTCHCHBHEIM Ta3000OMeHOM MexKy BepXHUMH 
CJIOAMM MOUBbI MH aTMocdepol. C raiyOuHOH HHTeCHCHBHOCTb ra3006MeHa Mex Ly 
CIOAMM MOUBHI Nafaer. Tak, No HallIMM ONpeleseHHAM, Ha OCYIICHHIX TOPdAHO- 
OOJIOTHBIX TOUBAX HHTCHCHBHOCTD BbiqeeHua COz c rmy6un 20, 40 u 60 cm Ona 
B 1,5—2 pa3a Hue, 4emM c riyOuHE! 10 cm. Kpome Toro, B HM2KHHX CJIOAX TOU- 
BbI COJepKaHne BO3SAyxa BCeMCTBHe OosIee HH3KOH CKBaKHOCTH HU BBbICOKOM 
BJ1a2KHOCTH 3HAYMTe/IbHO MeHbIUe, YM B BepXHHuX. B pe3symbTare oOpasylomlaaca 
B HWKHUX clloax COz ckaluIMBaeTca B HeOOJbIOM OObeme Bo3tyxa. Bospaxe- 
HH€M IPOTHB BO3MOXHOCTH «cTeKaHHA» COz BHU3 MO Mpodusio NOYBE MOryT 
ClyKUTb H 3aKOHbI Ta3sOBOH AHHAMMKH, COriacHO KOTOpbIM Juddy3sua ra3so0B 
(PpOHCXOAMT B CTOPOHY NOHMKeHHBIX KOHIeHTpalul rasa. B BepxHux cuIOAX 
MNOUBbI HaOwOMaloTCA MeHbUIMe KOHUeHTpalinu COs, 4eM B HM2KHUX CJIOAX. 
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OSTOMY IIpaBHJIbHee TIpeANONOXKUTb, YO MpoucxoAuT He «crekaHHe» COz 
M3, a mocToxHHaA Auddy3sua COz u3 HMKHUX COe€B NOUBLI B BepxHne”™. 
{1a 1poBepkKH sToro MoOO*KeHuA MbI B 1958 Tr. NpoBeNM CHelMasIbHbIH OMIT 
OCYIICHHBIX TOPdsAHO-OOJIOTHEIX MOUBax (MocKkoBcKas OOsacTHaA OoNOTHAA 
(raHl{ua) C BbICOKHM cojlepxxaHHem COz (q0 6%) B no¥BeHHOM BO3zyxe. OnbiT 
CTaBJICH Ha NeperHoHHo-TOpPaKON 2Xeme3sHCcTOH MOUBe, Ha TpaBAHO-JpeBec- 
M (O1bxoBOM) Tope. pH 5,2 (KCI), cymma noromuleHHbIxX OCcHOBaHUH 90 M3KB. 
fa 100 r noussr (7°). YpopeHb NOYBeHHO-rpyHTOBbIX BOB CeHTAOpe Obl Ha Tuly- 
tune 80—82 cm, 30 X — Ha ray6uHe 72 cM. 


J avoir 4 


ie Eve PbIXJIGHHA NOUBbL UH W38ONAUMH TOJIeEM Ha COfepKaHHve yIVIeKHCJOTb! B NOUBCEHHOM 
BO3lyxe (B OObEMHEIX pomeHTax) 


I'ay6una oT6opa mpo6 
lata Ne BapuaHta * 
10 cm 20 cm 30 cm 40 cm 60 cm 
48 1X { 0,445 0,800 1,60 2,05 2,95 
2 0,628 0,938 1,43 1.67 1,98 
3 0,615 0,675 0,930 2,17 4,70 
4 ns ce ba 1,29 2,43 
5 0,682 0,858 aS 1,79 — 
20 IX 4 0,443 0,847 1,89 AHO) 3,419 
2 0.614 0;910 1°39 1,38 1,73 
3 0,624 0,685 1,08 2,04 4,64 
4 — — — i alg) 2,00 
5 1,00 1,19 1,79 1,83 - 
24 1X 4 0,446 1,13 1,23 1,61 2,68 
: 0,810 1,29 1,73 1,72 2,21 
3 0,569 0,758 1,09 1,94 337 
4 — — == 0) 890 1,69 
5) 0,970 1,09 1,93 1 90 — 
30 X 1 0,260 0,465 0, 705 4,09 1,79 
ic 0,264 0,380 0,608 0,609 0,811 
3 0,258 0,318 0,680 1,419 Zou 


ie ~ Cm. B TexcTe, 


Cxema ompira: 1) mmoulaqKa Cc HeHapyUIeHHbIM CJIO%KeHHeM (KOHTPOVIb); 
») BepxHuli coli Jo rmyOuHpr 35 cm paspprxseH; 3) Ha rryOuHe 35 cM yuloxKeH 
‘OJIb H 3aCbIMaH BePXHHM CJIOeM MOUBHI; 4) CHAT BEPXHHM CON NOYBI oO ruy- 
MHbI 35 cM; 5) TOub yIO%KeH Ha MOBePXHOCTH HM MpPHcpiNaH 3-caHTHMeTPOBbIM 
JIOEM NOUBbI. OSpaboTKa MOUBbI B BapHaHTax 2 H 3 Oblia COBepIeHHO HAeCHTHY- 
ia. BapwaHTbl OTAeIAIMCb Apyr OT Apyra 3aljMTHOH nomocoH B 60 cm. Pasmep 
ioulaqok 70 X 70 cm. Onpir 3anox%eH 16 1X, nocae yKoca Tpas. 

[na or6opa mpo6 nouBeHHoro Bo3yxa B BapwaHTax |, 2, 3 u 5 Oblmm ycrTa- 
1OBJICHbI MeHbIe TDyOKH (d = 5 mM) Ha ratyOuHe 10, 20, 30, 40 u 60 cm; B Ba- 
yMaHTe 4 TpyOKH OplM yCTaHOBJeHbI Ha rayOuHe 45 u 60 cm. OrcacbiBaHue 
1po6 mouBeHHOrO BosAyxa H OnpesemeHue COz MpOMSBOAMJIOCb C MOMOLIbIO Kpyr- 
IOMOHHbIX KOIO (*®) OAHOBPeMeHHO BO BCeX BapHaHTaXx. 

Kak BuJHO 13 NpesCTaBJIeHHbIX B TAO. | WaHHBIX, BO BCe CPOKH HaOwlOJeHuu 
olep2kanue COz B MOUBeEHHOM BO3Ayxe Hal TOJIeM ObIIO HuXKe, a MON TOJeM 
billie, UCM B BapHaHTe C OAHHM PbIXJIeHHeM, 6€3 TOA. OTO MOXHO OObACHHTb 
eM, 4TO H30NAMLUA TOMeM penstcTByer focTymmeHHI0 COz H3 HUXKHAX C/IOeB 
3 BEPXHHe, B PesymbTAaTe Yeo MOA TOMeM BCeACTBHe yMeHbIWeHuA Luppy3un 
IPOMCXOANT ckoMeHHe COz, a Ha TOJICM H3-3a TIpeKpallleHHvA MOCTYNMIeHHA 


* B wekoroppix culyyaax, MPH Oosee HU3KOH KOHWeCHTPalMu COz B HHXKHAX COAX MOUBBI, 
lOKET MPOUCXOAUTh DudpysuA COz U3 BepXHHX CIOeB B HH2KHHE. 
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JONOMHUTeIbHOTO KOuHMYecTBa COz u3 HHKHUX CJIOCB NOHHMKaeTCA COMep*KaHHe 
CO2 na rmyOune 10, 20 u 30 em. IIpu prixnenun nouBpl Zo 35 cm cofep2KaHHe 
COz Ha rayOune 10, 20 u 30 cm mospicnuocb, a Ha rryOuHe 40 u 60 cm noHH3H- 
JIOCb 0 CPaBHEHHIO C KOHTPOJI€M, YTO CBA3AHO C TEM, YTO PHIXJICHHe MOUBHI MO: 
BbICHJIO HHTCHCHBHOCTb OHOJIOrMYeCKHX IpOleccoB B coe NOYBb! O—35 CM F 
ras000MeH MexKy HHXKHHMH HW BeEPXHHMH CJIOAMH TIOUBBI. 

TlonmKenne KoHWeHTpaltun COz Ha ruryOuHe 45 u 60 cM B BapHaHTe, re Obl 
CHAT BepXHHH 35-CcaHTHMeTPOBbIH CJIOM MOUBbI, BbISBaHO TeM, YTO yaleHHe 
BePXHeEFO CIO MOUBbI Cosfao OaronpHATHbIe ycoBuA AA Auddpysuu CO: 
U3 HWDOKHHX CJIOCB HeMOCpeACTBeHHO B aTMocepy. 

YksalKa TOA Ha NMOBEPXHOCTH MOUBbI MOBbICHJIa, NO CPaBHeEHHIO C KOHTPO: 
JleM, Coyjep»kanue COz B NOUBeHHOM Boszyxe Ha rayOuHe 10 u 20 cm. Oto TaKme 
yKa3biBaeT Ha TO, YTO UJeT BOCXOAAWMH «TOK» (Audpy3sua) COz. IIpupexenupie 
JaHHble NOATBep*aroT BEICKa3sbIBaHHe B. Bb. MakesBuy o Bocxosaulem Luddy3: 
HOM TlepeIBWoKCHHH YIJICKHCJIOTHI. 

TakuM o6pa3s0M, HCXOJA H3 3aKOHOB Ta30BOH JWHHAMHKM HU MpOBeeHHbI? 
HaOJOMeHHH, MOXKHO CleaTb BbIBOA, YTO NpHYHHOH Oosee BLICOKOH KOHIeCH 
Tpatun COz B NOUBEHHOM BO3/lyX€ B HW2KHUX CJIOAX ABMACTCA HE «CTeKAHHe} 
COz BHu3 MO mpodbusiO NOYBbI, Kak Gomee TA2KeMOrO Ta3a, a HECOOTBETCTBHE 
MexKy cKopocTbio oOpa3soBpaHua COs u ee Auddpy3uelt B pasMUHbIX TOPH3OHTAYX 
NOUBbI, B pe3yJbTaTe YerO HM NPOMCXOANT HakomweHHe yruiekucsoTH. B nouBay 
umeeT MecTo Audpy3ua COz B cTOpOHY NOHWKeHHHIX KOHWeHTpaluH. | 


TloupeHHbI wHcTuTyT uM. B. B. Jloxyuaepa Tloctynnao 
AkayemMun HayK CCCP 4 VI 1959 


UHMTHPOBAHHAHA JIMTEPATYPA 
l 

1B.M.Uruatbesa, COopH. OcymenHe u ocpoeHHe 3eMeib Memjepckolt HH3MeHHOCTH 
M., 1955. 2 B. H. Maxkapos, Tp. Housennoro unctr. AH CCCP, 49, 1956. ? B. H. Ma 
Kapos, Iloupopenenue, Ne 1 (1959), *B.B. Mauxkesnuuy, Tp. Tousennoro uxcr 
AH CCCP, 32, 1952. 5° B.B. ManmxKesuu, COopx. Bonpocs TpaponombHoi cucTemBI 3é 
maeqemua, 2, 1953. B.B. Mau kesuu,Tp. Mucr. seca AH CCCP, 88, 1958. 7 B. H. Mw 
Ha, Coo6m. Mucr. meca AH CCCP, B. 2, 1954. ® B.H.M uua, Iloupopenenue, No II 
(1957). ® A.B. Ppt6aakuua, Muxpodsopa nous Esponeiicko# uactru CCCP, 1957: 
0M. H.C kp bh HHHKOB a, COopH. Bonpocn renesuca u reorpadun nous, 3g. AH CCCP 
1957. 4H. A.Typawu, Tousopegenve, Ne 1 (1952). 4% M. T. Actpe6os, Mow 
BopeyzeHHe, Ne 4 (1956). 
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Jloknagp AKkagemun nayr CCCP 


1959. Tom 128, Ne 5 


FHCTOJOFAA 


lr. C. JIEBEJIEBA 


JAMHAMHKA BKJIOYUEHHS METHOHHHA S*® 
B XPYCTAJINKE BEJIbIX KPBbIC 


(IIpedcmaeaexo akademuxom H. H. Anuuxoeoim 15 VI 1959) 


Psagom uccmejopanul (* *) Opwio NoKa3aHO, YTO paquocepa, BBOAMMaA Cc Me- 
| ad B OpraHv3M H perucTpupyemad B aBTorpadax, cBaA3aHa c Oe/KOM. 
[MeAOBATEIbHO, MPH UCCeEOBAHMM AHHAMUKH BKJIOUCHHA MH BbIBeEeCHHA palno- 
epbl CO34aeTCA BOSMOXKHOCTH BLIABHTb OCOOeHHOCTH OeKOBOrO OOMeHa B KJIeT- 
aX pa3JIM4HOrO ypoBHA Audepentupowkn. C sto TOuKH 3peHuA ompelemen- 
bid HHTepec mpeAcTaBulo usyyeHHe OeKOBOoro OOMeHa B XpycTamuKe raza, 
oes BOJIOKHAMH Pa3JIHYHOrO ypoBHA AudpdepeHuupoBKu. 

Kpome ycTaHoBJIeHHA OOUIMX 3a4KOHOMepHocTel OOMeHa B HOPMAJIbHOM xpy- 
iTaluKe Tla3a, Takoe- HCCeOBaHHe MOET MpeACTaBATh HHTepec H IPH pelie- 
Mu BOMpoca O MPHYHHaAX BO3SHHKHOBeHHA Jy4eBbIX KaTapaKT. PayHousoTonbl 
A ompeseneHuaA OOMeHa BeleCTB B XPYCTaIMKe MPHMeHAJIHCb PAJOM aBTo- 
op (° *). Merogom asropaguvorpadun Obllo Noka3aHo H3OupaTembHoe HakorIe- 
ave S*®° B 30He OOpas0BaHHA XPYCTAJIMKOBbIX BOJIOKOH (°°). OqHaKko Jo cHx nop 
\HHaMMKa M BOSpacTHble ocOOeHHOCTH BKMOYeHUA S*° ocTaloTcH Hempoc.exKeH- 
HbIMH. 
| B nactosillem ucculeqoBaHuu — C WembIO MpocequTb AMHaMUKy GedKOBOrO 
pOMeHA B BOJIOKHaX M10 Mepe HX AudepeHiupoBKu — Opiwio mpoBeseHo usyye- 

ve BKJIIOUeHHA MeTHOHHHAa S*° B xpycTamnke raza 5- uw 30-HeBHBIX H B3Poc- 
i” GembIX Kpbic. BkmiovenHe payuocepbl perucrpHpoBaocb MeToJOM 
ABTOpadMorpapun, MaOulMM BO3MOX%KHOCTh Ha OAHOM HM TOM Ke mpenapare 
SONOCTABUTb KJICTOUHbIE CTPYKTYPbl WH WHTCHCHBHOCTb BKJIIOUeCHHA M30TOMA. 
TlofonmbITHbIM %XMBOTHBIM BBOAHJICH 
ON sles M3 pacueta no 0,0 u 


WD erieraterin aa 


u/2, mocie 4ero 5-cyTOUHbIe 2KMBOTHbIE ee. 
3a0UBaJIHCb B ==0 CYTKH, a 30-cy- Bospact xpycTasu- »llepexog- | Llenrpaup- 
ounble —B 1—60 cyrkn. XpycranuK ARREST BUR E SRR RS a) RQSIEEN? 
U3BIeKaIca, PHKCHPOBAJICA *KH]KOCTbIO 
KapHya  3amMBaJica B napaduH. 

Ha cpe3bl OT 2%KHBOTHBIX, 3a0HTHIX B 5 Heit 2 42 3,48 0,88 
pasHoe BpeMA, OAHOBPeMeHHO HaHOCH- a que | 2,3 2,48 0 
qacb %KuKaad 9Mysbcua Tuna P, Bemmy-  7SPeCsTo® F 

XKUB. 2,28 2,48 0,2 
ckaeman HMKONU. Ilomyyenupte caezo- 


Bble aBTOrpadbl OKPalHBaJIMCb reMaTO- 
KCHJIHH-203HHOM. Iloqcuer TPeKOB MPOH3BOAMJICA IPH MOMOMIH CeTKH OKYJAp- 
MHUKpoMerpa Ha moujaqu 100 w?. Cpequee BbiBosMOCh U3 50 TaKHX KBapaTos. 

B npoliecce uccaeqoBaHHA mper*ke Bcero Obl H3yYeH XapakTep pacmpeyle- 
JIeHHA palMocepbl y XMBOTHDIX Pa3JIMUHbIX BOSPaCTOB Yepes CYTKH Nocse BBe- 
qeHua MeTuoHuna S®°, [loqcuer TpeKoB mpOH3BOAMJICA B TpeX 30HAaX: STMTeEIMH 
XPYyCTaJIMKOBOH CYMKH, 30He OOpa30BaHHA BOJIOKOH, YCJIOBHO Ha3BaHHON repe- 
XOJMHOH, MW WeHTpasIbHOM spe. 

PesybraTbl moscyera mpescTaBenbt B Ta6a. | (9kcno3suItuA aBTorpatoB 
5 CyTOK). 
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Kak BHHO 3 MpMBeyeHHEIX aHHbIx, B 1 cyTKH MocJe BBeeHHA 
metnonuna S®° paquocepa, He3a4BHCHMO OT BO3pacTa XUBOTHOIO, HaKalIHBaerCcA 
HaH6oee HHTCHCHBHO B 30He OOpa30BaHHA XPYCTAJIMKOBbIX BOJIOKOH («mepe- 
XoJlHas» 30Ha), H€CKOJIbKO MeHblile — B XPYCTa/JIMKOBOM 9SIIMTeJIMH H MCHbUIe 
BceroO B IW€HTPaIbHOM Ape. 

Takasd 3aKOHOMePpHOCTb B pacipeseJeHuu S*> o6ycoBsIeHa H30HPaTeJIbHbIM 
HAKOMIeHHeM paMocepbl B MecTaX OOPa3s0BaHHA XPYCTaJIMKOBbIX BOJIOKOH H, 
BUIUMO, CBA3AHa C CHHTe3OM B-KpUCTaMHAa, CoLepxKalllero OovIbINOe KONE 


° 2 8 
CTBO IMCTHHa, B KOTOPbIM HM MpeBpalllaeTCA BBOAMMBIM paWHOMeTHOHHH (°): 
Kak H3BeCTHO, HOPMaJIbHaAv 


cCTpyKTypa HW @yHKUusA xXpycTaiMkKa 
OOYCJIOBJICHbI HEMPePpbIBHO MpoTeKa- 
IOULMMH B HeM mpolleccamu udde- 
PeHIMpOBKH OT MOJIHOWeHHbIX, CO- 
Tepkallux spa KeTOoK SMMTeHA 
XpyCTaJIMKOBOH CYMKH K SAepHbIM 
BOJIOKHaM 39KBaTOPHaJIbHOH 30HbI H AO 
6e3bAeCPHbIX BOJIOKOH WeHTpaJIbHOrO 
apa. O6pa3yiollveca HOBbIe BOJIOKHa 
eae enna panmocepn p  WOCTeHeHHO oTTecHAIoT paHee nudpe- 
we eure 

RAG EEO H ai aneonOR (Bb) PCuUEPOsAnNBe Kis Ane a ae % 
KpbIChE ocie BBeqeHHa MeTHOHHHa S35, UWeHTPy xpycTaluka. OHOBpeMeHHO 
I — V — yyacTKu xpycTamuKa; a—l cyTKu, B BOJIOKHAX MPOHCXOAUT YCHJICHHOE | 
6 — 20 cyTku, @ — 60 cyTKu HaKOMJI€HHe MPpOTeHHOB. 

B reuenne 1—20 cyTok nocule BBe- | 

JeHUA W30TOMA MPOv3O0WI0 peskoe yMeHbliieHHe KomHYecTBa S*° B «nepe-" 
XOJHOH» 30He HM yBeIHYeHHe ero B WeHTpe xpycTamuka. | 

TlockobKy NloACueT TPeKOB MO yKa3aHHbIM BBIle 30HAM He OTParxkKaeT NOJI— 
HOCTbIO KapTHHY mepemellleHua S°*°, BKJIOUNBIeEHCA B BOJOKHA, OblJI NPOHS3Be- , 
eH MOMcueT TPeKOB MO JIMHHM HanOo/Ibulero paluyca xpycTamukKa (OT 30HbI 0O-' 
pa3s0BaHHA BOJIOKOH K WeHTPy), YCIOBHO pa3sOuTOM Ha MATb y4acTKoB: I — «ne- 
pexoquan» 30Ha, II — IJ] — IV — npomexyrounpie yuactku, V — weHTp. 
xpyctasuka. OOulad KapTHHa AcHa u3 pue. | A. 

CuwKeHHe HHTCHCHBHOCTH HakoneHuA S*° Bo BHOBb OOpa3syIOULHXCA BOOK 
HaX «Me€peXOHOM» 3OHbI ABJIACTCA CJIEACTBHEM OOULeErO CHWKEHHA KOJMUeCTBA 
pafuocepbl B opraHu3me (°). | 

YBeJIMYeHHE KOJHYeECTBA PalMocepbl B WeHTpe XpycTasIMKa MOXKeT ObITb., 
OObACHEHO TMepeMellleHHeM ClOJa BOJIOKOH H3 «MepeXOAHOM» 30HbI, COXpaHHB- 
WWMX pafuocepy IpHOMSHTeIbHO B TOM %Ke KOJIMYeCTBe, KaKOe OblWwIO HaKkOrI- 
JIeHO HMM B MOMeHT OOPa30BaHHA, T. &. Yepe3 CYTKH MocIe BBeEAeCHHA pawuome- 
THOHHHA. 

Ecam W3MeHeHHe B XapakTepe pacmpefeneHun S*° orpaxkaer mepemellenue 
BOJIOKOH H OOHOBJIeHHE IeHTPasbHOrO Apa, TO erO MOXHO TPaKTOBAaTb Kak (pu- 
3sMouorMyeckylo pereHepatuto. IIpu sToM Bo3HHUKaeT BOTIPOC, B KaKOli Mepe 
MPOWCXOAMT H3MeHeHHe Mpollecca MepeMeleCHHA BOJIOKOH C BO3PacTOM. 

J\ia pelieHuaA sTOrO Bompoca MeTHOHHH S*° Opi BBeLeH 30-7HEBHbIM KPbICaM, 
KoTopble OpwiH 3aOuTH! yepes 24 uaca u 60 cytox. B xpycramMKe XXMBOTHOLPO, 
3a0uToro Yepes 24 Yaca, MaKCHMyM BKIO¥eHHA S*° HaOmIOJaeTca B 30He OOpa- 
30BaHHA XPYCTAaJIMKOBBIX BOJIOKOH; B ICHTPaJIbHOM Spe MW Mpuierarollux K HeMy 
yuacTkax TpekKW €4MHMUHbI, H KOJIMYeCTBO HX He mpeBpiluaeT cou. Uepes 60 cy- 
TOK ¥HCIO TpeKoB S*° B «nepexoHOli» 30He HHUTOKHO. MakcuMyM BKJIOUCHHA 
HaOmlOfaeTcA OKOMO WeHTpatbHoro AApa (puc. 2, cm. BReuKY K crp. 1042). 

PesybrTaTbl mofcyera TpeKOB NO JHHUM HavOoubllero pafyuyca Ha celo- 
BbIX aBTorpadax 5-cyTouHOH SKCMO3HMHM MmpeycTraBmenbl Ha puc. | 5. Ha6mo- 
AaeTCA MOCTeMeHHOe CHH2KeHHe BKONeHHA S*° OT «MepeXOAHOM» 30HbI K WeHTPy 
xpyctauka yepes 24 uaca. Uepes 60 cyToK KomnuectTBo S*° no Mepe npH6iH2%Ke- 
HHA K IWeHTPy BOspacTaeT, MAKCHMYM BKJIOUeHHA HaOsofaetca B IV yuacrke, 
BKJIOYeCHHe B WeHTPe MpOMosKaerT OCTABATbCA HHYTORKHBIM. 


1054 


i 


Takum o6pa3om, y 30-HeBHBIX KpbIC, KaK HW y 5-J{HEBHbIX, IPOM3OLIIO Mepe- 
ICHHe BOJIOKOH H3 «MepexXOAHOH» 30HbI 10 HampaBJIeHHIO K WeHTPy xXpycra- 
Ka, HO y 30-QHEBHBIX 9TO NepeMeleHHe MPOHCXOLNT Oovlee MeJVJICHHO, H 3a 
D cyToK BoJIOKHa nepemelljaoTca TobKO B IV yuactok. PemieHue Bonpoca 
JasIbHeHWeM WX TepeMeleHHH HM O CKOPOCTH 9TOrO NMepeMelleHHA TpeOyer 
OCTaHOBKH Oovlee AWIHTebHLIX ONBITOB. 

YroObl BbIABHTb 3ABMCHMOCTb BKJIOYCHHA OT pocTa XpycTaHKa, Oplwiu mpo- 
ReHbI OMBbIThI 10 JelicTBHIO peHTTeHOBCKUX Jly4elH, Tak Kak M3BeCTHO, YTO Jeli- 
WBHE WOHMSHPYytOlleH payuallun Hapyliaer cbu3sHomorMyueckylo pereHepalto 
TOPMOSHT pocT xpycTaHka. 

Jl 9Toro nepey BBeqeHHeM MeTHOHHHA S*° 5-7HeBHBIe KPbICh! Op OOuY- 
feHbI Ha annapate PYM-3 gzo3s0H 400 r (V = 180 xp; J = 5 ma; Cu 0,5 mm; 
1 1 mM; MomHocTb jlo3p 64 r/muH). 

TloqonbITHbIe XMBOTHbIC Opin 3a6uTbHI B 1—20 cyTKH Nocue BBeeCHHA 130- 
ma. ConocTaBsieHie HHTCHCHBHOCTH BKIIOUeHHA S*° B OMbITe H KOHTPowe O- 
a3bIBaeT, YTO 3HAYHTeJIbHOe MaeHve BKJIOUCHHH pauocepbl B ONbITe MO OT- 
(OWWeHHIO K KOHTPOJIIO B SMMTeMH XPyCTaIMKOBOH CyMKH HaOstOfaeTcA yxKe 
gepes 24 vaca nocwle BBeeHHA H30TOTIA, T. €. B 1 cyTKH Nocule O6yueHuA. Uepes 
CYTOK nocwle OOJyYeHHA BCe 30HbI XPyCTaIMKa NOAOMbITHOTO XKUBOTHOFO JaloT 
(HauHTeIbHOe CHWKeHUe KOMYeCTBa S*° OTHOCHTeCbHO KOHTPOJIA, KpOMe e- 
€xOJHOH 30HbI. YBeMMYeHHE BKJIIOUCHHA B STOM CJIy¥ae yKa3biBaeT Ha 3aMme]- 
{eHHe HakONMJeHHA PaknMocepbl OOYYCHHbIMH BOJIOKHaMH. 
| B ra6n. 2 npupefensi pesyibTaTbl nofcuera TpeKoB nO AHHe HanOoblUero 
eee xpycTajuka HM B SNHTeIHM XpPyCTaJIMKOBOH CyMKH pH 5-cyTOuHOH 
}KCHO3SHUHH. ‘ 


Ta6auna 2 


YuacTKu XpycTaJIuKa 


: peMsa Ha- 

it <ceapeal smnuTemnit 

ies I I] III IV Vv xpycTamuKo- 
BOH CYMKH 

| 2,68 1,62 0,9 0,82 0,44 2,48 

[| aS a 0,72 0,44 0,42 0,3 7,34 

| 0,78 ae 1,64 14: O22 4,96 

| 2a le EE 0,9 gs 0,54 0,14 1,44 

0,28 0,44 0,92 2,54 2,8 0,42 

| see 0,13 0,66 | 0,88 0,94 0,28 


| TIpumMeuauHne. Haq ueprok — KoHTpoub, Nox yepTrow — ompir. 


| 

| Anaiu3 9THX JaHHbIX NOKa3bIBaeT, YTO y OOJYYEHHbIX 2XHBOTHBIX BO BCeX 
yacTKaX XPyCTamuKa MHTeHCHBHOCTS BksOVeHHA S*° B 1—20 cyTKu nocie 
OIyYeHHA OKa3bIBaeTCH HW2K€ HHTCHCHBHOCTH BKJIIOUCHHA €€ B COOTBETCTBYIO- 
a yuacTkH XPYyCTaJIMKa KOHTPOJIDHbIX 2KHBOTHBIX. 

CkopocTb lepeMellleHHA 3OHbI MaKCHMasIbHOrO Bkso“eHHA S*° K WeHTpy 
xpycTayIuKa B MepBbie 5 cyTOK nocie oOlyyeHHA yMeHbilaeTca. K 20 cyTkam 
H B HOpMe, MU pH OOyYeHHH 30Ha MaKCHMaJIbHOrO BKNOYeHHA S*° OKa3bIBaeTCA 
B IleHTpe XpycTasuKa, OAHAKO y OOJYYCHHbIX *MBOTHHIX 9TA 30HA NO MIOWayn 
B Ba pasa MeCHbllle, YEM Y KOHTPOJIbHbIX. HaOsiogaempie OCOOeCHHOCTH B Tepe- 
MeLCHHH 3OHbI MaKCHMaJIbHOro BkKOYeHHA S*° B nepvoyx 1—20 AHeH nocue 
\61yYeHHA CBA3AHO, NO-BUAHMOMY, C HapylweHHem mpollecca poctra xpyctaukKa. 

V3mepenusa moka3au, YTO yxKe Ha 5 CyTOK Mocule OOyYeHHA Bec HU OObeEM 
\OyUeHHOrO XpycTasMKa cocTaBAAeT OKOO 50% Beca u OObeMa XpycTamuKa 
JOPMAJIbHOTO *%uUBOTHOTO. K 20 cyTkaM 9TH Pa3sIHM4YHA COXPaHAIOTCA, 

TakuM o6pa30M, HHTeHCMBHOCTb BKJIOUeHHA MeTHOHHHA S*° B pa3JIMYHbIX 
30HaX XpyCTauHKa HeOJMHaKOBa. 
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Usyyenne uHamuku pacnpeyerenua S*° Bo BpeMeHH MOKa3aJIO 34KOHOMEP-| 
Hoe MepeMelleHHe 3OHbI MAKCHMAJIbHOrO BKTOYeHHA S*° Hs «mepexXOAHOH» 30HbI} 
B OOACTh WeHTpaIbHOTO Apa. ITo mepemelljenve, NO HanpaBsJeHHIO CoBMaalo- 
ee C Mmpolleccom JudcbepeHUHPOBKH XPyCTaJIMKOBbIX BOJIOKOH, MOXKHO CUHTATB) 
poleccoM (usvosorMyeckoH pereHepallun. | 

CkopocTb mepemMelleHHA B XpyCTaJIMKe SOHbI M@KCHM@JIbHOTO BKJIIOUCHHA 
S*5, a culeOBaTeIbHO, H CKOPOCTb CPPU3HOJIO“MYeCKOH PereHepallHH YMeHbIUlaeTcaA! 
C yBeJIM¥eHHeM BO3pacTa %XMBOTHOrO M HapyllaeTcA mpH WeHCTBUM PeHTTeHOB-| 
CKHUX Jyuen. | 


JleHuurpaycKuli rocyapcTBeHHbI meqaroruyeckHh Tloctynuao 
uucTutTyT uM. A. 1. Tepuena 10 VI 1959 


UWMTHPOBAHHAA JIMTEPATYPA 


1A: Fpauesa, JAH; 193; Nes (1957). 2 © Leb lomd NE yw eneiuaaam 
B.Simmons, Am. J. Anat., 101, Ne 2 (1957). ? JI. H. Kuuku un, Tp. Jlenuurp. o6m. 
ecTecTBoucubiT., 738, B. 4 (1957). *H.H.38anhKxo,M.M.T yaakose kaa, Oftanmod. | 
aypH., Ne 1 (1955). ® H.H.3anKxo,M.M.Tynzakospekaa,C.M.M uuu, Odtan- 
Mom. *xypH., Ne 3 (1955). & L. Belanger, Anat. Rec., 124, No 3 (1956). *7L. Salty 
man, B. Dilon, Am. J. Ophthalmolog., 33 (1950). ® A.Perie,P.Heyningen,| 
Biochemistry of the Eve, 1956. 
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oraangn Aragemun nayx CCCP 
1959. Tom 128, Ne 5 


PHCTOJOVH A 


A. A. MYUJIOXHH 


K BONPOCY OB A®®EPEHTHOM MHHEPBALLHH 
NEPH®EPHYECKHX BEFETATHBHbIX HEMPOHOB 


(IT pedcmaerexo axademuxom H. H, Anuuxosvim 13 VI 1959) 


Bonpoc 06 adepeHTHolt HHHEPBallMH HePBHBIX CTPYKTyp BO3HHK B Hayase 
PKYULero CTOMeTHA Mocse 3aMedaTembHubIX pabot A, C. Jlorena (7) u C. E. Mn- 
jalioBa (*), OMHCaBWIHX pelleniTOpHble OKOHYAHHA B CNMHAJIbHBIX H CHMMATHYe- 
<HX TaHriMAX. BnocweqcTBuM NOAOOHbIe HaOTIOAeHuA OblwiM ChemaHbl MHOTHMH 
ucTomoramu ((*°) u ap.). B HacTostlee Bpema, Mocse MHOFOUMCIeCHHBIX Haxo- 
OK PasJIH4YHbIX PeMeCNTOPHBIX ammapaToB B Kalicyvle, B CTPOMe HW Cpe Tiuab- 
JoIX SJICEMCHTOB HE€PBHbIX y3JIOB, TPyAHO COMHeBaTbCA B HX JeliCTBHTebHOM 
jyUleCTBOBaHHH — TeM Oovlee, YTO HaMH4He PelleNTOPOB B CHMMATHYeCKHX FaHr- 
MAX MOATBePKTeHO HW (PUSHOJOTHYeCKHMH MeTOJamu UccueqOBaHHA (1°). 

| Oyuako Jo cHX Nop elite ocTaeTcA CNOpHbIM NOmO%*KeHHe 00 addepeHTHOH HH- 
2PBallMu TaHriMo3HbIX KeTOK. Ha6mtogenua A. C. Jlorensa (7), H. I. Kosoco- 
th (4, ©), TD. A. Ko6opa (°), T. A. Barsrpepor (*), A. A. Xa6aposok (11) u ap., 


ATHUeCKOH HIM NMapaCHMNaTHYeCKOH MPHPObl. OKCMePHMeHTAaJIbHbIe Ke UCcIeE- 
pBanua A. 3. XaOapozokt (11), KoTopoH yanocb BbIsBaTb LereHepallHlo mepu- 
{ANICYJIAPHbIX PellenTOPOB B raHruAX CepAlla Moce NepepeskH COOTBETCTBYIOMIHX 
AJIHUX KOPeELIKOB CMHHHOTO MoO3ra, CYHTAIOTCA HeJOCTaTOUHO MOKa3aTesb- 
ibIMH, TOCKOJIBKY BO BPeMA ONepalHu MOFyT NOBPexXMLaTbceA HW NepeHHe Kopell- 
iM C HX CHMNaTHYeCKUMM MperanrMoHapHbIMH MpoBosHuKamH. K Tomy xe HET 
ile M CEXHHOrO MHEHHA O TOM, COJep2KaT JIM 3aHHe KOPeIKH MperaHrIMOHapHbIe 
ePeTATHBHbIe BOOKHA WIM OHM MOJIHOCTbIO HX JIMUICHEI. 

Tlostomy Avia ompesemeHHoro pellieHuaA Bompoca 06 addepeHTHoH HHHepBa- 
MM HepBHBIX KsIeTOK TpeOyeTca (Kak 9TO YacTO OplBaeT HEOOXOAMMO TIpH pas3- 
ieIMIeHHH THCTOJIOFHYeCKHX Mpo6seM) MpAMoe MOposoruyeckoe MOKAa3aTeJIb- 
mp0. Jia 9TOrO, MO HallleMy MHEHHIO, HYXKHO COBEPILeEHHO OTYETJIHBO MOKa3aTb 
a THCTOJOPMYeCKOM MIpemapate, YTO TEPMHHAIH HECOMHEHHOrO M0 Mopdowlorn- 
eCKHMM IIpH3HakaM pellenTOpHorO ammapaTa BcTynaloT B MPAMOM KOHTAKT 

KanicyoH HelpouHa. 

B KpynHbIx raHriMAx Takoe HaOOJeHHe MPOBeCTH TPyAHO M3-3a CJIOAKHOCTH 

X CTPOeHHA H HEOOXOAMMOCTH BCeACTBHE STOFO eaTb TOHKHE Cpesbl, Ha KO- 
pbIxX pellenTopHble OKOHYAHHA pekKo He nNoBpexatorca. Topa3sgzo serye 3TO 
ejlaTb: Ha M@JIKHX TaHrIMAX WIM OJMHOUHO pacMOJIO%KeHHbIX HEPBHbIX KJIeT- 
aX HHTPaMypaJIbHbIX CMeTeCHHH MHUeBapHTeIbHOrO TPpakTa, KOTOPbIe MO2KHO 
CCeOBaTb Ha TOJICTHIX WIM ake TOTAIbHbIX mpemapatax. Ha Takux mpena- 
aTax, KOra mpH ycnelwiHoH MMMperHallHu PellenTOpHble anapaTbl BbIABJIAIOT- 
A MOJIHOCTbIO CO BCEMH HX TOHYAHIWMMH Pa3sBeTBJICHHAMH, MOXXHO B yauHbIx 
Wy4aAX HaOslOaTb OTHOWCHHe TEPMUHAJIbHBIX PeLeNTOPHbIX BeTOUCK K HepB- 
bIM KJICTKaM. 

O6beKTOM JWIA CBOerO HMCCeAOBaHHA MbI W38OpPaH AReMesucrTbll *KesMyOK 
TKH-KpaKkBbl (Anas platyrhynchus), y Koropol pellenTopbl, Haxodnlueca 
M@XKMbILeYHOH COCAMHHTEIbHOM TKAHH %KeesHCTOrO %XeyAKa, HMeIOT CBOeOO- 
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pagHoe H OUeHb XapakTepHoe CTPoeHHe, TaK YTO HX HEBOSMO?KHO CIlyTaTb C APy*) 
THUMM HeEPBHbIMA OOpasoBaHHsAmMM. Takue pellenTopbl, pacnoularasch Bcertel 
B COCMHHUTEIbHOM TKAHH, B HEKOTOPbIX CJLy4aAX MOCbIIAIOT YaCTb CBOHX BeTBeH} 
B PaHlMu WI K OJMHOUHO paCcnOJIOKeHHbIM FaHrJIMO3HbIM KJIeTKaM. : 
Cgoto paOory MbI BbINOJIHHJIM MeTOJOM BusbuiopcKoro—I poc, koTopbii MOYTy) 
Bcerla JaeT BOSMOXKHOCTh YTKO YCTaHOBHTb OTHOWEHHA HeEPBHbIX CTPYKTYF} 
K WHHepBupyemomy cyOcrparty. é 
Visyuus Ooublice wHco mpenapaToB, Mbl, HaKOHell, HallIM TaKOH, Te 
B3AMMOOTHOLICHHA Me@XKLY PellenTOPHbIM OKOHYAHHEM MH HEPBHOH KJIe€TKOM BbI‘ 
cTymatoT C MOwHOl AcHocTbIO (pu. 1)! 
Ha puc.| n306paxeH XapakTep: 
HbIM KYCTHKOBbIM PellenTop u3 *Kewse: 
3ucTOrO *KelyA4Ka yTKH. OH Je%*KUT HH 
COCAMHUTEIbHOM TKAHU, OUCH OH3KCI 
OT MbIIMeyHOrO Cjox. OOpasyroule 
pellentop TocToe adepeHTHoe BO: 
JIOKHO BbIXOJMT H3 HeEPBHOTO Iy4K 
uM BCKOpe mocwle 9TOrO HauHHaeT Mh: 
XOTOMHYECKH BeTBHTbCA. BHadasie OHC 
J\@IMTCA Ha Be KPyNHble BETBH NOUTE 
Takoro *e KasHOpa, Kak H OCHOBHOE 
BOJIOKHO. Iloce BTopu4HOrO eseHus 
BeTBH HCTOHYAIOTCH UH, MpodosKas 
JIMXOTOMHYECKH §=JICIMTbCH, OBICTPC 
IIPHHUMaloT XapakTep TePMHHAJIb- 
HbIX BOJIOKOH, OOJIbLIMHCTBO H3 KO: 
TOPbIX 3aKAHUHBaeTCH TOHKHM KO: 
JICUKOM C HEXKHOH PuOpHIAPHOH ce: 
TOUKOH. ITH KOHUEBbIe KOJIEUKH alle 
Bcero JlexKaT BOJIM3H KPYMHBIX, ¢ 
HECKOJIBKHMH SPbILIKaMHM CBeTJIbI> 
Aep TAK Ha3bIBaeMbIX Cea bHbId 
KJIETOK, KOTOPbIMH 3aNOJIHeHO BCé 
pelentopHoe nove. Mx saqpa ora 
yaloTCAH OT Sep WIBaHHOBCKHX KuJe 
TOK, COMPOBOKAa1oulHX PasBeTBJICHHe 
adpctbepeHTHCrO BOJIOKHa nouTH 1K 
TepMHHaseH, a TakxKe MW OT ALef 
KJICTOK COCHHHTCIbHOH TKaHH. 


Puc. 1. Okonuanne TepMuHaJIbHO BeTOUKH B nose onucbiBaeMoro pelentop: 
pellentopa Ha Kalicyle BereTaTHBHOrO Heil- HAXOMUTCA OMMHOUHAA HEPBHa KeT 
pona. )KemesucTbli *KelyOK yTKH-KpAKBEI. Ona bs 
Metog Buabmoscxoro—Ipoc. Llelicc. Ox. Kee ste cee Ea THUMAHOU rau 
K 10, 06. amoxpomat 100 x. PIHO3HOH MYJIBTHNOJIAPHOH KJICTKI 


M3 HePBHbIX CIVI€TCHHH %KeNyLKa yT 

Ku. Y Hee OKPyroe, ClerKa BbITAHY 
TO€ TeO C OOJIbIIMM NPO3payHbIM ALPOM uM YeTKO KOHTYPHPOBAHHBIM KP yHHEIN 
OAMHOUHDIM AJLPbILIKOM. Or Tela KJ€TKH OTXOAMAT HECKOJIbKO KOPOTKUX JeHIPU 
TOB MH OAMH AIMHHbIM TOHKMM aKCOH, HallpaB/AIOWMHCA B TOT 2Ke CaMblli HepB 
HbIM MYYOK, OTKyAa NPuxoLUur adiepeHTHoe BOJIOKHO, OOpasyrouree pellentop 
Boxkpyr HepBHOH KleTKH HMeeTCA XOPOWIo pasBUTad Kamcyla; 4eTKO BUHE 
AfLpa KJICTOK-CaTeJJIMTOB. 

K sToH HepBHolt KeTKe OT pellenTopa mpoTArMBaloTcA Be TOHKHE TepMH 
HaJIbHble BETOUKH: OHA MOAXOAMT BIVIOTHY!O K Kallcyse HW OKAHUMBAaeTCA Ha Hel 
CBOHM KOHI[€BbIM KOJICUKOM, ApyraxH 3aKaHYMBaeTCA TaKHM 2Ke KOJICUKOM He 
NoaeKky OT KalcyJbl HeMpoOHa. OTH OTHOIICHHA Ha Mpenapate BEICTYyMAalO 
C NOJHOH ACHOCTbIO. 

Mrak, Ha rucromorMyeckoM mpenapate yjasocb HeENOCPeACTBCHHO YBHJeCTE 
Kak TePMHHaJIbHaA BeTBb HCCOMHEHHOTO 10 MopdosormueckuM MpH3HakaM pe 
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mTopa OKaHuMBaeTCH Ha Kancyse HelipoHa. Ito HaOmOseHue 3acTaBAer ay- 
(Tbh, UTO Nepudepnyeckue BereTaTHBHble HelPOHbI NomMyUatoTr addepentuyto 
fHeEPBallHto. 

OrHocutebHO (busHOMOrHYeCcKOrO 3HAYeHHA pelleNTOPHbIX OKOHYAHUL Ha 
IICyaxX HeHPOHOB TPpyAHO TOBOPUTb oMpeeeHHO Ha OCHOBAaHHH TOMbKO O]- 
X MopdbosornyecKHX JaHHbIx. OHaKO HaM KaXKeTCA BECbMa BEPOATHBIM TIPel- 
JMIOAKEHHE, YTO MOMOOHHIe PelleNTOPHbIe OKOHYAHUA CHTHAJIM3HPYt!OT O NOCTOAH- 
(X CIBHrax B (YHKUMOHAIbHOM COCTOAHHH Mepudepuyeckux HelpoHos. Ilo- 
HOJIbKY PellenTOPHble OKOHYAHHA, B OTJIMYHE OT CHHANTHYeCKHX almapaTos, 
|| KOHTAKTHPY!OT HeMOCpeACTBEHHO C NOBePXHOCTbIO HeHipoHa, a MexK]y HUMH 
erla pacnoaralorca MAaHTHHMHbIe TinaJIbHbIe KJI€TKH, TO CmeyeT mpelnoso- 
Tb, YTO MOCeAHHe, TOOOHO «cHelMabHbIM» K/IeTKaM pellenropoB, MOryT 
INOJHATS TakKXKe MH PYHKIUMIO NOCpeAHHKOB, «TpaHcdopmaropos» (no Bb. H. Jias- 
HTbeBY) TIpollecca pa3qpaxkeHuA B HePBHbIli UMMYJILC. 

CyllecTBOBaHHe PeleNTOPHBIX ammapaTOB BOKPyr mepudepuyecKuX HepB- 
IX KJI€ETOK He JOJKHO BBISbIBATh YIMBJICHHA. Ec SMMTeMAbHbIe, MbILeUHBIe, 
HeMHHTeCJIBHOTKaHHble CTPyYKTYPbI UMetoT OoraTylo addepeHTHy!O HHHEpBAaLlHIO 
3a UX JeATEIbHOCTbIO TEM CaMbIM YCTAHABJINBaeTCA KOHTPOJIb CO CTOPOHBI 
ICLUHX OTJ€JIOB HePBHOHM CHCTeMbI, TO OH B elle Goble cremeHu HeoOxo,uM 
1d TlepucepnyecKHX HeHPOHOB C HX OCOOOH PeaKTHBHOCTbIO, BbICOKHM OOMe- 
bat u TOH BaxKHOM CyxXOOH, KOTOPy!O OHM HeCYT B OpraHH3Me. 


Muctutyt dusvonorun um. V. II. Mapaosa Tloctynuso 
Akanemuu Hayk CCCP 7 V1.1959 


UMTHPOBAHHAA JIMTEPATYPA 


1A.S. Dogiel, Der Bau der Spinalganglien des Menschen und Siugetiere, Jena, 1908. 
NC. E. Mux avuwaoos, Hesponoruyeckun Becruuk, 16, Ne 2, 1 (1909). J. Nonidez, 
Compar. Neurol., 85, Ne 2, 177 (1946). *H.T. Komocos, Apx. anat., rucTon. u 
mO6puon., 29, Ne 1, 16 (1952). *® H.T. Koaocos, WUnneppauua pHyTpeHHuX opraHOB Hu 
ipHeuno-cocyyucton cuctempr, M.—JI., 1954. ® T. A. K 06208, C6opH. mMopdou., Ne 2, 
) (1953). 7 T. A. Batupesa, Coopx. Bonpoct Mopdomornu pelenTopos BHYTpeHHUX 
bTaHOB HM CepyeuHo-cocyyucTol cuctempl, M.—JI., 1953, crp. 148. °8® H. HW. Jlianun, 
Hopx. Bonp. mopdou., Ne 2, 110 (1953). 9% B. Tl. Ba6muuapa, JAH 1138, Nel, 187 
4957). 29M. A. Byaprun, JIU. Bemopn6xuna, WAH, 123, Noi, 196, 
1958). 144A. A. X a6aposa, JAH, 102, Ne 3, 629 (1955). 
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Jlokxann Akagemun nayx CCCP 
1959. Tom 128, Ne 5 


THCTOJOVHA 


B. M. CKJIAHEBA 


O HEPBHbIX KJIETKAX B CTEHKE BPOHXOB HEKOTOPDbIX 
MJIEKONMTAPOWINX (HW YEJIOBEKA 


(ITpedcmaerexo axademuxom H. H. Anuuxoeoim 16 VI 1959) 


Hauune wHTpaMypasbHbIx raHrmeB B CTeHKe OpoHxos (7) nosTBep2xjaerT- 
cA BC€MH aBTOPpaMH, 3aHHMaBLUIHMHCA BONpocaMH HHHepBallMH OPlaHOB jbIXa- 
Hua ((2°) u ap.). B ocHOBHOM onmMcbIBaeTCA HX TOMOrpadHA, pasMepbl H CBA3H 
C HePBHbIMH CTBOJIMKAaMH. ToubkO B OTACIbHbIX paOoTax yeMeTCH BHAMAHHE 
CTPyKTYpe TaHIJIMO3HbIX KJI€TOK, MPHYeM aBTOPbI OOBIYHO yKa3bIBaloT Ha TPyJ- 
HOCTH ee BEInBeHHA (7,8). [loqpoOuee, vem B APyrux UccIeqOBaHHAX, ONUCAHO 
CTPOCHHE PaHIVIMO3HbIX KJI€TOK B CT€CHKe OPOHXOB y KOUWIKH (°). ToubKO B Ha4aue 
Tekyllero CTOeTHA ObluIO yCTAHOBJIeHO, YTO HHTPaMyPpaJIbuble TaHrvIHH BHYT- 
PeCHHHX OpraHoOB, B TOM 4HCe H OPOHXOB, COMepAKAT MYJIbTHNOMAPHbIe KJIETKH 
(1°), OqHako HekoTopple aBropbl (14, 1”) HapsaAy Cc MYyJIbTHNOAAPHBIMH KIeTKaMH 
OTMeYalOT HaIMUHe OJMHOUHBIX YHH- HU OMNOAAPHBIX KJIETOK B CTe€HKe OPOHXOB 
KPbIC H MATHML MW B JIePOUHBIX TaHrIMAX OesbIX MbIleH. 

B HactoasujeH paOoTte npu uccyleqCBaHHH HMHTPaMyPpaJIbHbIX TaHryHeB er- 
KUX Oplwio yereHO ocoOoe BHHMaHHe TONOrpadun HW XapakTepy CTpoeHHA Ux 
YHH- HW OHNOJIAPHBIX KIeTOK. B ocHOBHOM paOoTa mpoBodusach Ha coOaKax, 
HO JIA CPaBHeHHA HCCIeLOBaIMCb JIerTKHe KOUIKH, KPOJIMKa, KPbICbl, a TAakKe 
uenopeka. Marepwan umiuperHupopaica cepedpom no Kaxamb — Papop- 
ckoMy 4 BuabuiospcKomy —Tpoc B mofudpuKkauuu Paccka3zopoH. Kpome 
Toro, MpHMeHaucb okpacku mo Winuapmetiepy, Huccmto uw remaToKcuHH- 
303HHOM. 

B creHke OpoHXoB, OcoOeHHO B OOACTH BOPOT JIerKHX, PaCMONO*XeHo 6oub- 
Woe KOJIMYeCTBO TaHIvIHeB, a TaK%Ke OJMHOUHBIX HEPBHBIX KJICTOK HW MX CKOMVe- 
Hu. B murepaType OObIMHO He WematoT pa3sIM4YHA MEO KAY TaHrMAMM HM CKOTUIe- 
HHAMM HepBHbIX KeTOK. Ha oCHOBaHHH NOJIYYeHHBIX HAMM JaHHBIX MmpescTas- 
JIAeTCH WemecooOpasHbIM OTMETHTb HX HEKOTOPbie TONOrpaduyeckue H MOpdouio- 
ruueckHe ocoOeHHOCTH. 

[auriuu HMeIOT COCAMHHTCJIbHOTKaHHY!O KalcyJy U pacmomaraiwrTca B 9KCT- 
paxXOHApaJIbHOM CIvIeTeHHH OPOHXOB, a KJIETOUHbIe CKOMICHHA Je@KAT CBOOOAHO, 
6e3 KancyJIbl, H OObI4HO HaxOJATCA B CYOXOHpambHOM HepBHOM CMIeTeHHH. 
OTHOUIeHHe TaHrvIHeB M CKOMICHHH KIeTOK K Pa3JIMYHbIM TKaHAM B CTeHKe OpoH- 
XOB HMeeT MHOFO OOUero: OHH MOFyT ObITb B TOJILLe HEPBHBIX CTBOJIMKOB HJIv 
B Me@CTAX HX JevIeHHA, MPHeraTb K HEPBHbIM CTBOJHKAM HWJIM HaXOJUTbCA Ja- 
JICKO OT HHX, pacnowaraTbcA BHJIOTHY!IO K XPAILeCBbIM MviaCTHHKaM WJIM Haxo- 
JMTbCA MEK Ay HUMH UT. Q. Mnorga cKomIeHHA HeEpBHBIX KJIeTOK pacnos0%KeHb 
B TOJIMMe HaXPAULHHIbl, a HEKOTOPbIe TaHrvIMH MpuseKaT K MerOUHOH TKAaHH. 
M MeperopoAKH JICTOUHBIX AJIbBEOJ HEMOCPeACTBCHHO COeMHEHbI C Kancysor 
rauriuaA. PopMa raHriMeB MeHAeTCA B 3ABUCHMOCTH OT B3AMMOOTHOUICHHH C OK 
PyKarolluMH TKaHAMH, HO Yallle BCerO OHM ObIBAaOT KPYTVIble HH OBAJIbHbIe. 
Bemuuna raHrives TakKe OUCHb PasIMYHAa: B OLHOM MIOCKOCTH Cpesa y CcobaE 
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Puce. 1. MynpTunoiapHasa HepBHaa 
KyleTKa B HHTPaMypaJIbHOM rauHr- 
IMM OPOHXa YeNOBeKAa 


Puce. 2. OnHa 43 aTHMHUHbIX 
(OpM MYWbTHNONAPHBIX Kse- 
TOK B MHTPpaMypaJIbHbIX TaH- 
rIMAX OPOHXOB COOaKH (MeLO- 
4eK-KHCeT) 


Puce. 3. Hepspuaa kseTKa Cc Puc. 4. YHHNOMAPHbIe KETKH B CTEHKe OPOHXa COOaKH: 


MHOrOKpaTHO JHXOTOMHYeC- a — CoO CJlerKa H3BHTbIM AKCOHOM, O—C aKCOHOM, oOpa- 


KH JeJIAULHMCH OTPOCTKOM 
B HMHTPaMypaJIbHOM TaHr- 
JHMM OpoOHXa coOaku 


JAH, v. 128, Ne 5, Craayuena 


3YIOUIHM HHULMabHbIH KTyOOK 


a 


yeoBeka OpipaetT 10—120 Kaerox; y Komek 50—70; y Kppic u KPOJHKOB 
KCHMAJIbHOe YHCIIO KJIeCTOK B OOJIbUIHX raHryiMAX octuraer 20—30. Kaerou- 
Ie CKOMJI€HHA MMeIOT 3HAYHTeJIbHO MeHbIUe KJICTOK, 4YCM TaHliuu; OObIYHO 
ro 3—15 Kmerok, Hepeqko HaxoAllMxca B OMHOH MOcKOCTH cpesa. 
Kaerounpii CocTaB raHrviveB 4 CKonseHui pasHopogen. B ranrausax Oovbule 
erO MYJIbTHNOJAPHbIX HeEPBHbIX KeTOK I u II Tuna Jlorena, KoTOpbie HMEIOT 
My!0 pasHooOpasHy0 dopmy u 4—5, a uHorga u Gombe orpocrKos. Ilocmer- 
€ MOryT OTXOJHTb OT Tela KJIETKH CO BCCX CTOPOH, MpHueM Ha pa3JIHYHOM 
acCTOAHMM Apyr oT Apyra (puc. 1). OrpocTkKu raHrsMO3HbIX KJCTOK ULYT B pa3- 
AMUHBIX HalpaBJeHHAX, MepeneTaicb C OTPOCTKaMM CoceqHUuX KIeTOK. UactTb 
13 HUX BbIXOAMT 3a Npesebl TaHruA WU MpOCcexKUBAeTCH Ha 3HaYHTebHOM 
POTS2XKeCHHH B OM31eKallleM HepBHOM cTBOVIUKe. Kpome Takux oOUlen3BecT- 
|bIX MYJIBTHMOJIAPHBIX KICTOK, B TaHIIMAX BCTPeualOoTCA aTUMMUHbIe COpMbt, 
| KOTOPbIX BCJI€ACTBHe BHINAYMBAHHA y4acTKa Tea JeHIPUTbI OTXOAAT U3 OL- 
Oro MeCTa; 3TH KJI€TKH HANOMMHAIOT Melouek-Kucer (puc. 2). Ha6srogarorca 
KxKe KJI€TKH, CAMHCTBEHHbIM OTPOCTOK KOTOPbIX y2Ke BOH3H Tesla MHOFOKpatT- 
O AMXOTOMHYECKH JeHTCH Ha Bce Oosee H Oomee TOHKHE BOJIOKOHIAa, TepsAlo- 
lIMeca M@K]Y APyruMH KJIeTKaMH TraHrMA. PasperBMeHHA TaKHX OTPOCTKOB 
{anOMHHAIOT HeEpBHbIe OKOHYAHNA (puc. 3). Bo3moxKHO, 4TO 3TH KMETKH Mped- 
‘TaBJIAIOT COOOM OAHH U3 BHAOB UYBCTBUTeJIbHbIX HelPpOHOB BereTaTHBHOH HepB- 
(OH CHCTeMBI. 
| Hapsafy c yKa3aHHbIMu BBILIe MYJIbTHNOAPHBIMH KJI€eTKaMH CaMOH pa3HO- 
OpasHol *opMbI, B raHTiMax y coOak BCTpeyaloTcaA yHU- uM OMNOMAPHbIe J1e- 
H€HTbI, MOAOOHbI€ YYBCTBUTCJIbHBIM HeHPOHaM CNMHAaJbHbIX ranrmes. B kue- 
(OUHBIX CKOMJICHHAX OHH COCTABJIAIOT OCHOBHY!O Maccy. OMHOUHbIe YHUNOAP- 
ble KJICTKH HAM yJaJlOCb OOHAPYyXHTb elle TOJIbKO Y KPbIC, a TAK*Ke B FaHrvIHAX 
emoBeka. YHH- H OHNOJAPHble KJIETKH UMEIOT OBAJIbHY!O WH BepeTeHOOOpasHylo 
nopmy. I[locmeqHAA 3aBHCHT OT MeCTa PaCNOMOKeHHA KJICTKH HM OT XapakTepa 
TXOKJCHHA OTPOCTKOB OT HX Tema. YHHNOJAPHbIe KJeETKH OObIUHO OBAaJIb- 
OH POpMBI HU UX OTPOCTOK OTXOAHT OT OMHOFO H3 NOJIOCOB KJIETKU HIM OT cepe- 
\HHDbI JJIMHHOH OcH ee Tema. BeperenooOpasHyt0 (opmy uae Bcero uMeloT On- 
IOJIAPHbIe KICTKH, PacnosararollMecaA B Tolle HepBHoro cTEOMHKAa. J[Ba oT- 
NOCTKa HX ABJIAIOTCA NPOOJKeHHeM JVIMHHOH OCH Tela HM MpoOCwiexKUBAaIOTCA Ha 
BHAUHTEIbHOM MPOTAXCHHH MapaJeIbHO HEPBHbIM BOJIOKHaM CTBOHKa. Bu- 
JOJIAPHbI€ KJICETKH, BCTPeualOlllHecaA B raHrviHAX, OpiBaloT Coulee OKPYIVIbIMH VIN 
)BaJIbHBIMH; HHOFa 06a OTPOCTKAa OTXOAAT OHH Bose Apyroro. Apa yHu- u 
SHMOMAPHIX KE€TOK OOIbIUOH BEMUHHbI, MWy3bIPbKOOOpasHble, C OMHHM AJPbIL- 
KOM, @ HHCCJICBCKOe BEIeCTBO B HUX pacnpeyesAeTCA PABHOMEPHO, HO OTCYTCT- 
ByeT B OTPocTKax. OTpocTKH YHUMOAPHbIX KJIeTOK HLYT OT UX Tela JOBOJIbHO 
IpaAMOuIMHeHHO. Pere BcTpeualoTCH YHHNOJAPHbI€ KJICETKH, AKCOH KOTOPbIX 
361M3H Tela CerKa H3BUBaeTCH WAH OOPasyeT THNUVYHDIN HHUIUMAJIbHbIN. KJy- 
Sok (puc. 4). OObINHO OTPOCTKH YHU- HW OHNOJIAPHBIX KJICETOK BLIXOAAT 3a NIpeJevbl 
PaHTVIMA HJIM KJIETOUHOFO CKOMVJICHHA WH MPOCJeKUBAIOTCA B OH3IeKAllHX HEPB- 
HBIX CTBOJIMKAX WIM OTJCIbHO HAYULMMH B pa3JIMUHbIX TKAHAX OPOHXa, He Jle- 
MACb H He H3Me€HAA CBOerO AHAaMeTPa. STO OCOOeHHO 3aMETHO, CCJIM KJIETOUHOe 
-KoMIeHHe pacnosaraeTcA JaseKO OT HEPBHOFO CTBOJMKAa, B KOTOPbIM BCTYMaloT 
AKCOHbI. [locmeqHHe MOryT TaK?%Ke NOKHaTb HEPBHble CTBOJIMKH HM HalipaBJATbCA 
3 rafkylo MyCcKylaTypy OpoHxa. 

M3 mpuMBeseHHbIX JaHHbIX BUHHO, YTO TONOrpapuyeckH MHTPaMypasibHble 
‘aHIVIMH HW CKOMJICHHA HEPBHbIX KJICTOK B CTeHKe OPOHXOB MMeIOT MHOTO OOMero 
<aK C HEPBHbIMM MPOBOAHUKaMH JIerKHX, TaK HW C Ppa3JIMYHbIMH TKAHAMH CTCHKH 
jpoHxa. OTMYHeM ABJIACTCH PaCHONOXKeHHe TaHIJIHe€B B OCHOBHOM B 3KCTPaxOH- 
[PaJIbHOM CIJIeTeHHH OPOHXOB, a KJICTOUHBIX CKOMNJICHHA — B CyOXOH,pasbHOM. 
MopdbosornyeckHe pa3JIM4HA MexKy HHMH Coslee 3HAYHTeIbHbI: TaHTIMM MMeIOT 
‘OCMHUTEIbHOTKaHHYIO Kalicyly, y CKOMIeHHH KMeTOK OHa oTCyTCTByeT. Kue- 
‘OUHBIM CocTaB TaHTiueB Oosee pasHOpOseH: B HUX Coble BCerO MYJIbTHMO- 
If pHbIX KIeTOK I u I] Tuna Jlorena, BcTpeyatoTca aTHNMUHbIe POPMb!, AEHAPUTHI 
SOTOPbIX BLIXOAAT H3 OMHOFO yUaCTKA KJICTKH, WH 3HAUHTeIbHO MeHbIlle yHH- H 
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OMMOAPHbIX HEPBHBIX KseTOK actppepeHTHOrO Tula. Saro HMeHHO MOCJeHMK 
COCTaBJIAIOT OCHOBHYIO MAaCCy KJICTOUHbIX CKOIMJICHHH. 


MuctutyT 9kcnepHMeHTaibHOH MeHILHHBI Iloctynuao 
AkaleMHM MeQMIMHCKHX HayK CCCP 11 VI 1959 

Hayuno-HcceqopaTembcKkad sla6opaTopHA 

Munuctepcetsa 3fpapooxpaHenua BCCP 


UMTHPOBAHHAA JIATEPATYPA 


1R. Remak, Moller’s Arch., 5, 464 (1844). *# ®. E. [ly apbue, Pykosogctse 

K YUYeHHIO O TKaHAX YeNOBeKa H KUBOTHEIX, 1873. Ch. Ok ail tn a. Niaten Belemeor 527 
(1932). ALG. EUit man) Ami Anat, 72; (943: “ies ator 7e ome lip. Kasanck. 
MequucTuTyta, B. 2 (1945). § M. T. Moruaa, Meguunelt xypHam AH YCCP, 16 (1947); 
Coop. namatu A. B. Jleontopuya (1948). 7 A. TeatTospek uit, Omapenxume merxoro, 1863, 
8 A. K. Ilao0um ko, O HepBHbIX OKOHYaHHAX BOpPTaHH H AbIXaTebHOM rope MIeCKONUTAW: 
mux, 1896. ® H. I]. TumytKuu, Tp. O6m. pyccxux spaueli, CII6., 72 (1905). 
0. R. Moller, Dtsch. Arch. klin Med., 101, 421 (1910).% SH. Hon jin, J. Compar. 
ican 105, 3, 589 (1956). 42M. Takino, Acta schol. med. univers. in Kioto, 15, 321 
933). 


} 
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Jlokrnayge Akagemun nayr CCCP 
1959. Tom 128, Nb 5 


MHKPOBHOJIOLHA 


Usgen-Koppecnonzent AH CCCP H. A. KPACHJIBHHKOB, YF. K. CKPABHH, 
W. B. ACEEBA u Jl. O. KOPCYHCKAA 


TPAHCOOPMALLMS KOPTH30HA B MPEHUCOH 
IPH MOMOLIH MYCOBACTERIUM SP. Ne 193 


TlocureqHee WecATHIeTHe O3HAMCHOBAOCb OFPOMHbIMH ycnexaMH B OG/aCTH 
M3y4YCHHA HM MPOMbIWWICHHOrO MOJLYYeHHA CHHTETHYCCKUX CrepOHAHbIX FOpPMO- 
HOB. OTH BbICOKOSPeKTHBHbIe NpenapaTbl HallH ce6e WMpoKoe MpHMeHeHHe 
B MCAMUMHCKOH NpakTHKe pH JeyveHHu pAa 3a00neBaHnH. B Hacrosillee BpemMA 
B CILIA Ha Jomo crepouHBIX ropMoHoB mpHxosuTca 9% BCeX BbIIHCbIBAeMbIX 
BpayamMu pellenTos ('). 

B TeyeHuve nocuieqHuxX eT (apMalleBTHYeCKaA MpOMbIlWIeHHOocTh Mrasun, 
Aurnan, CUA uw apyrux crpaH WMpoKo UCNOMb3yeT pasMUHbIe MHKPOopraHH3- 
Mbl JIA MOJIYYeHHA ONOJIOrHYeCKH AKTMBHbIX MpenapaToB CTepOuAHbIX TOPMO- 
HOB. IIpou3BOCTBeHHbIe PervIaMeHTbI OOJIbINHHCTBa BbIITyCKaeMbIxX (papMalleB- 
THYCCKOH MPOMBbILUJICHHOCTbIO CTeEPpOHAOB BKJIIOYaIOT MHKPOOMOMOrHYeCKHe Me- 
TOJbl UX TpaHcdopmMaliun. B HeKOTOPbIX CLyYaAiX MHKPOOMOMOrMYeCKHe MeTOLbI 
NOWYYeHHA ITHX MpenapaTOB YCNeWIHO BbITeECHAIOT OTACJbHbIe AoporocTrosuHe 
H TPYAHO OCYILECTBHMbIe 9TAMbl HX XHMHUYeECKOTO CHHTE3A. 

B pe3ymbTaTe mpollecca MHKpOOMOJOrMyuecKHX TpaHc*PopMallMH HeKOTOPHIX 
CTCPOHHbIX TOPMOHOB 3a4acTy!O yaeTCA NOJYYHTb HOBbI€ aHaJIOMM 9THX Be- 
ILeCTB, KOTObI€ B H€CKOJIbKO pa3 MIpeBbIIalOT TO CBOeH OMOOrMYeCKOH aKTHB- 
HOCTH WCXOJHble BellecTBa. 

OHUM M3 BaxKHeHIWHX MPHMepoB TakKOH TpaHcopMalluu ABJIAeTCA mpolecc 
erupHpoBaHHA B NovoxKenun 1,2 kopTu3oua (BeulectBo E) uw rux@poKopTu3oHa 
(BeecTtBo F). B pe3yabTaTe 9Toro mpollecca, OCYUIeCTBIAIOWerocA MHKpOOHo- 
JOTMYeCKHM HyTeM, MouJlyyeHb! 2 mpemapara — mpeHucon (BeulecTBo A? E) 
M MpequHucomoH (BeulecTBo AtF), oTmnyuatoliuecsd OobuieH seyeOHOH sdPeKTHB- 
HOCTbIO H M@HbIIeH TOKCHUHOCTbIO NO CPaBHeHHIO C HCXOAHbIMH TpOykTaMu — 
BemlecTBamu E u F. 

B wHacrosllemM CooOuleHHH JOKaXbIBalOTCH Ppe3yJIbTaTbl HCCJIeqOBaHHH 0 
MUKPOOMOIOrHYeCKOMY MpeBpalleHuHio kopTH3ona (1) B mpeguucon (II). 


CH,OH CH,OH 
b6 C=O 
ee My aes aH an ee 
yi a a AY 
pe hoa) 
O O 


Bneppple MUKpOOMOJIOrMueckoe MpeBpallleHHe KOPTH3OHA B MpeAHHCOH OblIO 
ynucaHo B 1955 r. Tpanccbopmattua npoBosusacb upH nomouu Corynebacteri- 
im simplex (7). TIpouecc qeruqpupoBaHusA KOpTH30Ha B nomoxKeHHH |, 2 Obi 
rake OCYyIlecTBIeH mpH momoujM Fusarium solani (*), Bacillus sphaericus u 
Didymella lycopersici (4), Bacillus subtilus (°) a Bac. cyclooxydons (°). 
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Kak yKa3plBasocb B MpelblyuleM cooOuenuu (7), HAMM OBIJIO YCIeLIHO ocy- 
ILeCTBICHO JeruApupoBanHe THAPOKOPTH30Ha B MpeAHHCOJIOH MPH MOMOLLH | 
Mycobacterium sp. Ne 193. 

OmHoBpeMeHHO C H3bICKaHHeEM MHKPOOPraHH3MOB, TpaHcPopMupyIoulux 
THAPOKOPTH3OH B MpeAHHCOJIOH, HaMu Obl MPOBeAeHb! HCCeEOBAHHA M0 U3bI- 
CKaHHIO MUKPOOPraHu3MOB, erHApupylouyHX KOpTH30H. B xofe sto padornr! 


. ) 
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OblIO HaHJeHO HECKOJIbKO aKTUBHBIX KybTyp Mycobacterium u Proactinomy- 
ces, KOTOpble H MOABeprviucb JeTaibHOMy u38y4eHuto. Hexoroppie u3 3THX KYJIb- 
TYP OOpasoBbIBaIH MpeAHHCOH B CMeCH C APyruMu” MpOKSBOHBIMH KOPTH3OHA. | 
JIpyrue rpaxctbopmupoBanu KOpTH30H B MpeqHHCoH 6e3 OO6pa30BaHHA KaKHX-— 
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uu60 moOouHbIX mposyKTos. HavOonee akruBuoli AeTHIPHpytouleH cnoco6Ho- 
cTbIO OOaqana KybTypa Mycobacterium sp. Ne 193, BpmeneHHaa u3 MOJIOCTH 
pTa venopeka. Ora KyJbTypa pu Tpancdopmauun KOPTH30HA OOpa30BbIBaa 
TOJIbKO OJMH MPOLYKT C O4eHb OOJIbINMMUM BbIXOJaMu. 

F Uramm Ne 193 B Teuenne 24 uac. KYJIbTHBHPOBAaJICA Ha cpejle, cofepxalieli 
1% jpoxKeporo apTouu3ata u 1% riaoKo3sn. B KYJIbTYPaJIbHYy!l0 2KHAKOCTb 
BBOJMJICA KOPTH30H (M3 pacuera 15 mr Ha 75 mua cpenni), NpeBapHTeJIbHO pac- 
TBOpeHHHIH B 80% sTuOBOM cmupte. IIpouecc TpaHcPopMalluu KOpTH30Ha 
B MpCAHHCOH KOHTPOJMPOBAaJICH MPH MOMOIMLM MeTONa HUCXOLAUeH OymarxKHoli 
xpomatorpaduu. B kavecTBe cucTembl pacrBopuTeseli ucnomb30Bamach cMeck 
TOyoa, STHMAalleTaTa, MeTaHowa u 'BOJDI. 
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IIpotecc JeruspupoBaHuaA B STHX yCIOBMAX ocyIlecTBAICA HanOomee aKk- 
“BHO. Ilepspie 12 uac. @epMeHTalnu MbI He CMOrIM JOCTYNHBIMM HAM MeTOJaMH 
JNOBHTb MOABJICHHH pekHucona. Jtanee, B mocsemyroulue 5 4ac. KOHTaKTa 
MMKPOOPraHH3Ma C HCXOAHbIM BELeECTBOM, MPOHCXOANIO NomHOe Aeruszpupo- 
3AHHE KOPTH3O0HA B TIpeMHucoH. Tak, yxKe Ha 15 uacy depmentraltun oKo0 50% 
icXoJHOrO mpofykta,ak 18—19 uacy un Becb KopTH30H Obl TpaHcctbopMupoBaH 
3 TIPCHHCOH. 

IIpunaraemas dotorpadpus cBoxHo xpomarorpammpl (puc. 1) JocraTouHo 
1eTKO OTPaxKaeT XOX Mpollecca TpancbopmMalluu KOPTH30HAa B MpeHUCcoH. 

Jlia nofrsep%klenua mMuKpoOuonormueckoi TpanccbopMalluH KOpTH30Ha B 
IpeQHHCOH pH momMolM Mycobacterium sp. Ne 193 Hamu Opiio mpoBeszeHo Xu- 
MHUeCKOE BbIAeeHHe NoceqHero H ero HAeHTHpUKAaLUA. 

Yepes 18-—20 uac. c MomeHTa BHECeHHA KOPTH30HA B KYIbTYPaJIbHY!O XKUI- 
KOCTbh COJep2KHMOE KOVIObI SKCTPArHpOBasIH MeTHMH3OOYTHIKETOHOM, ynapuBa- 
IM K€TOH B BaKYYyMEe H OCTATOK MePpeKPHCTAaIIN30BbIBaIM u3 alleToua. I lomyuex- 
HbIM Oebid KPHCTaIMYeCKUH MOpOwoK BsBeWIMBaIH (BEIXO, 75—81%). 

Cnrektpodotomerpuyeckue (B ybTpacuouetosBolt o6lacTH) Hu xpomatorpadu- 
yeCKHe MCCIeOBaHHA NMOJYYeHHOrO BeUleCTBA MOKA3a/IH UJeCHTHYHOCTb eFo Co: 
cTaHapTOM mpeHHCoHa. 

Ha xpomatorpamme B BbillleynomanyTol cucreme pacrBopuTeseH nomyuusu 
OMHOPOAHOe TATHO c BemMUHHOH R;, paBHol Ry cranHJapTHOro mpeHUCOHA. 

Touka mlaBeHHA BbIZeeHHOrO BelllecTBa COBNaa C TOUKOM MlaBJleHHA 
“TaHAapTHOTO mpeAnucona. IIpo6a cmeuiaHHoro naBseHuA He Jaa Wempeccuu. 

TionHoe nofTBep2keHHe CTPyKTYpbI NowyyeHHoro BelllecTBa ObIO NOWy- 
qeHO MPH NOMOWM HHppakpacHoH cneKTpocKoNHH. STH uccmeLOBaHUA OBI 
mpopegzenb! IO, H. Unpragse (Mucruryr 6uodusuku AH CCCP), xoropomy 
ABTOPbI BbIPaKalor iyOok yo OarofapHocTb. CopmayeHve BCeX MHKOB NO 4a- 
STOTe HM MHTe€HCHBHOCTH, YTO BUJHO M3 pHe. 2, yKa3bIBaeT Ha HJeCHTHUHOCTh- 
1OJiyYeHHOrO HM CTaHapTHoro mpeqHHncona. 


VWuctutyT mMukpoOuonoruu Tlocrynuao 
Akajlemuu Hayk CCCP 10 VII 1959 


Mockosckult rocyJapcTBeHHBIt yHUBepcuTeT 
um. M. B. Jlomonocosa 
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Jloxaagn Axkagemun nwayrk CCCP 
1959. Tom 128, Ne 5 


MHKPOBHOJOFUA 


P. B. PEHHKCOBA u E. A. ABAXUIATOBA 


®AKTOPbI, CTHMY JIMPYFOW[ME OBPASOBAHHE AMMJIA3bI 
B TJIYBHHHOU KYJIbTYPE TPHBA ASPERGILLUS ORYZAE 3—9—15: 


| 


(II pedcmaeaeno akademuxom A. H. Onapunoim 18 VI 1959) 


3a nocleqHee BPeMA BCe Yallle CTAJIM NMOABJATHCA HCCJIEOBaHHA, B KOTOPBIX; 
noAuepKuBaeTCA OCOOaA POJIb AMHHOKUCJIOT B Tpollecce OMocHHTesa (bepMeHTOB 
y MMKpoopraHu3mos. Cnelnpuyeckue TpeOoBaHHA K aMMHOKHCJIOTaM JIA OO- 
pasoBaHua (pepMenTos Opianm uccexoBaHE! Unurenbmavom (°), TlomaoKxom (°), 
Teiiom nu ®ouKcom (8), Bopcyxom (*), Wlaxom u Kuurom (*°, ™). 

Ha ocHopaHuu MpoBeeHHbIX HCCeAOBaHHH Folio YCTAHOBJIeEHO, YTO yYacTue 
AMHMHOKHCJIOT B OOPas0BaHHi (PePpMeCHTOB ABJIACTCAH OYCHb CJIOXRKHBIM MPOMeCcoM) 
HM UX CTHMYJIMpPyoulMl adpekT 3aBHCHT OT OYeCHb MHOFHX ycumHH. Tem He Me- 
Hee, y2Ke H3BeCTHO, UTO OnOJOrMYeCKHH CHHTe3 (PEPMEHTOB MOXKET MPOMCXOANTb 
TOJIbKO B TOM CJlydae, eCIH UMeeTCH HeEOOXOJMMBIM KOMIIJIEKC AMHHOKHCJIOT H 
uTO HeOCTaTOK TOM WIM HHOM AMHHOKUCJOTLI MPHBOAHI K pe3KOMY CHH2KEHHI10) 
OMOCHHTe3a (PePMEHTOB UWJIM K OTKJIOHCHHIO OT HOPMAJIbHOrO OOMeHAa BeLIeCTB. 

Busasex u JInxurreiy (") u3yuuaM CoeqHHeHHA, COJep*KalllvecaA B CJIOMKHbIX 
NHTATeIbHBIX Cpeax, OOYCJOBJIMBAaIOULMX MOBBILeHHOe OOpasoBanue cepMeH-; 
TOB, H MPHUIvIH K BbIBOAY, YTO TAKMMH BeWLECTBAMH ABJIAIOTCA AMHHOKHCJIOTHI.: 
[loarBep»xeHHeM 9TOTO ABJICHHA MOLyT CJIYKUTb TaK*Ke padorThl, MPOBeAeHHbIe’ 
C aHasloraMH AMHHOKHCJIOT; aHaJIOrM HHTHOMPYy!OT yCBOeHHe OOaBJIAeCMBIX aMH-; 
HOKHCJIOT, HAYWHX Ha MOCTpoeHue (PepMeHTOB, B pe3ysIbTaTe Yero (bepMeHTAaTHB- 
Had AKTHBHOCTb KYJIbTYP MOHHKaeTcs. 

H3yuenne o6pa30BaHHA aMNa3bl y 9KCMePHMeHTabHOrO BapHaHTa Asp. 
oryzae 3—9—15 mnpw rayOuHHOM MeTOJe KYJbTHBUPOBaHHA MpOBOAMOCh Ha 
BHJOH3MCHCHHOM CHHTeTHYeCKOH cpeye Uanexe c 6% pacTBopumMoro Kpaxmada 
MW HuTpaToM HaTpua (0,15% a3ora). 1 

Hamu Obiio ycTaHoBmeHo, 4TO JoOaBeHue 10% BoZHOM BHITAXKKU 3 COuIO- 
JOBbIX POCTKOB K 3TOH cpee cTuMysIMpyeT CHHTe3 CepMeHTa. B WaHHoM cuy4ae, 
AKTHBHOCTb aMUJla3bl B eCMHHMax Ha 100 Mi mHTaTenbHOM cpedbl yBemMUnBA- 
mach c 40 qo 255—360 egunut (* °). 

OObACHHTh TaKOe MOBBILICHHe AKTHBHOCTH aMUJIa3bl MpocTo BHeCeHHeM 
C 3IKCTPAKTOM H3 COJIOMOBbIX POCTKOB JICPKOYCBOACMbIX OPraHHYeCKHX ASOTHCTHIX 
BeLI€CTB €4Ba JIM BOSMOXHO, TaK KaK COJep?KaHHe AMMHHOTO a30TAa B 9TOM 93KCT>; 
paktTe cocTaBJIdeT BCero JHWIb 1,5 mr/ma. Kpome toro, B onbitax, rye 10 Mul 
S9KCTPakTa H3 COJIOJOBbIX POCTKOB OblvIO TOOaBJIeHO B Ka¥ecTBe €HHCTBEHHOFO 
HCTOUHHKAa a30Ta (BMeCTO HUTPaTa HaTPHA), COBEPWIeHHO He HaOwMIOJamocb o6- 
pa30BaHHA aMMJIa3bl. 

Crumyslupytoulee JelicrBue 9KCTpakTa H3 COOJOBIX POCTKOB Ha OOpasoBa-; 
HHe aMMJa3bl B PIyOHHHOU KyJIbType PpHOa NO3BOIMIO BbICKa3saTb Mpelnouo- 
*KEHHE, UTO HaOOLaeMoe ABJICHHe OOYCOBJICHO HaJIMYMeM KaKHX-TO cnelupuye+ 
CKHX BeleCTB, KOTOPbIe IPH H€3HAYHTCbHOM UX COepxKaHuH Ha (boHe HOPMasb- 
HOFO KOJIHYCCTBA MHHEPaJIbHOO a30Ta B BUe HHTPaTa HaTPHA OKa3bIBalOT BIMA-; 
HHe Ha OMocHHTes cbepMeHTa. 

Jia Toro uro6bl ycTaHOBUTb, OTHOCHTCA WH CTHMYIMpyioulMii bakTOP K BbI- 
COKONOJIMMePHbIM COCAHHEHHAM HIM OH mpescraBmser co6ol0 OTHOCHTeJIbHO. 
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‘TipocToe BeWLeCTBO, Mbl [IPeAMPHHANM pasfeeHHe BOAHOTO 9KCTPakTa U3 COWIO- 
AOBbIX POCTKOB, OCaJMB KPYNHOMOVJICKYJAPHble BellecTBa 4-KPaTHbIM OObeEMOM 
9THIoBoro cnupTa. B pesybrare ObiI0 NOJIyYeHO ABe (PpakuuH: ocaloK oT cnup- 
‘Ta Ww CmMpTopacTBOopuMad dpakunA. 

Ocaok oT cnupTa Hau cnupTopacTBopumasd (ppakina (nocie oTroHKH cnup- 
‘Ta MO BaKYYMOM) BHOCHJIHCb B WMTaTeIbHy!O cpely Uanexa B Kosmuuecrse, 
coorsercrsyronem 10 ma 10% conoxoBoli BbiraxKu. KonnuectBo ocalKa paB- 
‘Hasocb 0,06 r Ha 100 Ma cpegpl, a puibtpatra 10 ma Ha 100 ma cpeaut. 


| 


Ha pue. | mpeyctapsenpt pe- 


3YJbTaTbI OMbITOB BbIPallMBaHHA SS Z 
rpuOa Ha cpese, cofepxaleh pas- & s 300 
JIMUHbIe KOIMYeCTBa HecCeyemMoro & 8 
ss 

daxTopa (ocagoxk oT 0,04 no 0,4 r 22] 299 
u cbumptpat of | Zo 40 ma). S& 

AKTHBHOCTh aMH1a3bI BIyOUH- SY yp 
Holi KyabType rpuOa onpexeni- S&S ot 
Wacb 110 MeTO,y, pa3spa6oTaHHomy ~ °® x —x— Konus, cnupmopacmbopumor gpakyd, ms 
B jaOopaTopHH HM OCHOBaHHOMy 5 0 15 2025 30 35 40 
Ha TOUHOM y¥eTe BpeMeHH, B TeYe- 6 G2 620 040 
Hue KOTOpOro KpaxMaJl mpeBpa- Kenuvecm ea acagka, E100 MN Cpedb! 


WaeTcH B ACKCTPHHbI, HE OKPaINH- Pyc. 1. Bausnue ocagka (/) cuupropacTBopumoli 
BaeMbl€e PaCTBOPOM HOJla B HOTU- (pakuHu (2), BbIMeeHHbIX H3 BOAHOTO 3KCTPaKkTa 
erom kasmuu (30°; 1% pacrBop COToRoBbIX pocTKoB, Ha OOpasoBaHHe aMHJa3bl 
pacTBopumoro Kpaxmama; pH 4,5: rpHoom Asps“oryzaers=-0— 15 
alleTaTHbIl Oydcep (*)). 

_ Ejuuniia amusa3bl paBHa KoMyuecTBy (epMeHTa, mpeBpalitaroulero | r Kpax- 
‘Mala B HeocaxapHBaemble HOJOM AeKCTPHHbI 3a | vac B yCJIOBHAX OMbITa. 
| BeujectBa, CTHMYJIMPylOllMe CHHTeS AMHMAa3bI, HaXOMATCA B CIMPTOPacTBO- 
pumol dpakinu, nosydaemoh TMocse ocaxeHuA OenkoB cnuptom. IIpu6apue- 
Hue 10 Ma 9TOrO pacTBOpa B Cpedy, Tak %Ke KaK HW BHECeHHe TOTO Ke KOMUEe- 
CTBa UCXOJHOH BbITAXKKH, OOeCMeYMBaJIO M@KCHMAaJIbHbIM CHHTe3 AaMUMAa3bI. 
IIpu npuOapnenun 20—40 ma pacTBopa oOpa30BaHHe aMMuIa3bl He YCHIMBAa- 
och, Tora Kak BHeCe€HHe MOHMXKeHHOFO IIPOTHB HOPMbI KOuMYeCcTBa (5; 2,5 
au | Ma) MpHBoMIO K pesKOoMy MaeHH1IO (epMeHTATHBHOH AKTHBHOCTH KYVJIb- 
TYDPbI. 
— B 80% cmupTroBoM pacTBope BbITAKKUH U3 COJONOBbIX POCTKOB MOFVIH Cojlep- 
OKaTbCA MMHepasIbHble BelllecTBa (MHKPOIIEMEHTHI), BHTAMHHbI WM a30THCTHIe 
BeulecTBa (AMMHOKUHCsIOTHI). Mbt npoBepHJIM BJIMAHHe YKa3aHHbIX Ppyll BeLLecTB 
Ha oOpa30BaHHe amua3bl rpHOOM B IJIYOHHHbIX YCJIOBHAX BbIPaulMBaHHA. 
Ilpu ucnbiraHHH MHKPOSJIeMeHTOB (IMHK, MeJb, MapraHell, KasIMH, KaJIblun, 
MOJHOJeH, XPOM, 2*Kese30 HW Ap.) OblIO yCTaHOBJIeHO, UTO TOKO WMHK MOBbIMAeT 
oOpasoBaHHe aMUa3bI Ha Cpeye C HATPAaTOM MH KpaxmasioM Jo 100 equHH (BMe- 
cto 30—40) wu H38MeHAeT ee NOKaIM3alMIO, TAK KaK BeCb (epMeHT OOHAPyxKu- 
BaeTCA B KYJIbTYPaIbHOH %KUAKOCTH, a He B MHUWeMH rpHoa. 
HeaddekTuBHbiM Oplwio NpHOaBJIeHHe B MHTATeIbHYy!O CpeLy 3O0JIbl, NOMyYeH- 
HOM Mpu CXKATAHHM COJIONOBbIX POCTKOB, YTO yKa3blBaeT Ha OpraHnyeckylo MIpH- 
poly cTuMysiupytoulero (bakTopa. 

IIpu6apjmeHue 4MCTHIX TpenapaTOB BATAaMMHOB TaKKe He OKa3biBaeT CTHMY- 
uupytoulero sdipekta. 

Js Toro UTOObI OTBETHTb Ha BOTPOC O TOM, He CBA3AaHO JIM CTHMYVJINp yroulee 
WelicTBue BbITAXKKH H3 COMOJOBbIX POCTKOB C HaJIMYMeM B He AMHHOKHCIJIOT, 
MbI TIpOBesIM pa3eseHHe MaMHHO- H MOHOAMHHOKHCJIOT B CNupTOpacTBOpHMOH 
bpakunu ocdopHoBombdpamoBok KucsoTol ('). 

Tocne yameHua u36bITKa (bocopHOBOIbpaMoBOH KUCJOTHI OAPUTOM H ya- 
Je@HHA U3O0bITKa OapuTa Mbl NOJYUMJIM pacTBOP, COJep2xallMH CMe€Cb MOHOAMH- 
HOKHCJIOT, KOTOPYy!O M MCMbITaIM B KayecTBe CTHMYJIATOPa OOpa3s0BaHUA aMu- 
ja3pi (puc. 2). PpakuuA, coMepxXalllad MOHOAMHHOKHCUIOTHI, MOOaBJIANaCh B KO- 
MM4eCTBE, COOTBETCTBYIOULEM 10 MJ HCXOAHOHM BbITAXKKU. 


1067 


[IpuOapeHve BbIeeHHOH H3 COJONOBbIX POCTKOB (ppakItHH ~MOHOaMHHO~ 
KHCOT YCHJIMBaeT OHOCHHTeS AaMMJIA3bI MOUTH HO YPOBHA, KOTOPbIH OObIdHO: 
HaOmoxaercd pH MoOaBJIeHHH MCXOAHOH BOJHOH BbITAXKKH. CyeoBaTeJIbHO, 
CTHMYJMP YOUN sddekT NPM BHECCHHH STO BbITH2KKH UCKJIOYHTEJIDHO o6s— 
3aH HaIMuMiO B HeH CMeCH MOHO@MHHOKHCIJIOT. 1 

Ananornunbiit acpcbekr HaGsiojlaicaA PH 3aMeHe KpaXMaJia B CHHTCTHYCCKOM 
cpeqe Uaneka Kykypy3HOH WJIM P?KaHOH MYKOH. 
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d3 poomHob myo 
Puce. 2. Bauanue MOHOaMHHOKHCJOT, Puc. 38. Bauanyve MOHOAMMHOKHCJOT, 
BbIAeCJICHHbIX H3 BOAHOM BbITAKKU CO- BbINeICHHBIX M3 KYKypy3HOH MyKH, Ha 
JIOMOBbIX POCTKOB, Ha OO6pa30BaHHe aMu- o6pa3oBaHHe aMusa3bi rpH6om Asp. ory- 
a3bI rpH6om Asp. oryzae 3—9—15. a — zae 3—9—15. O6o3HaueHHA Te. Ke, TO 
aKTHBHOCTb aMHJa3bl (B eHHHILaX Ha puc. 2 


Ha 100 ma), 6 — BbIxoq Mulemua rpH6a 
(B rpaMMax CyXoro MHLesHs) 


TlepBble 2%e ONbITbI NOKa3asIM, YTO IPH HCNOMb3OBAHHH KYKYPYy3HOH MYKE 
AKTHBHOCTb aMHJIa3bl B TiyOMHHOM KysJbType rpHOa 6es Kakux-H60 200aBOK 
Oblla TAaKOH *Ke BbICOKOH, KaK HM Ha CHHTeTHYeCKOH cpege UaneKa c KPpaXMaJIOM 
IPH OOaBsICEHHM SKCTPaKTa U3 COJIOJOBbIX POCTKOB WIM BbIAeeHHOH H3 Hero: 
CMe€CH MOHO@MHHOKHCJIOT. STO MPHBesIO K MBICJIH O TOM, YTO H B KyKypy3HOH 
Myke COJep2KaTCA CTHMYJIMPYIOWlNe BeWeCTBa (AMHHOKHCJIOTHI), AHaJOrHYHbIe 
TeM, KOTOPbIe ObIJIM BbIJAeJIeHbi H3 SKCTPaKTa COJIOJOBbIX POCTKOB. 

UroObl mpoBepHTb STO Mpeknoso*KeHHe, MbI NOMYYNIH BHaYaTe BOJHBIH 
9KCTPakT H3 KyKyPY3HOH MYKH H BbIJeIHIM M3 Hero (ppakWHiO MOHOAMHHOKUC— 
JIOT TEM 2K CAMbIM MeTOZOM, KOTOPHIM Obl] HCMONb3OBaH MpH paboTe c coojo- 
BbIMH POCTKaMH. 

TlonyyenHaad 43 KYKypy3HOH MYyKH CMeCb MOHO@MHHOKHCIOT Opiia HCIIbI- 
TaHa B KayecTBe (akTOpa, CTHMYJIHPYtOllero OOPa3s0BaHHe aAMUMAa3bl MPH BbIpa- 
I{MBaHHuH rpHOa Ha cpefe Uaneka c kpaxmasom. KosmuyuecTBo mpvOaBJIAeMbIx 
MOHOAMHHOKHCJIOT COOTBETCTBOBAJIO COJep2KaHHIO HX B 6 fr KyKypy3HOH MYKH 
Ha 100 ma cpegpl. 

BpiIcoKY10 aKTHBHOCTb aMHIa3bl B KysbType Asp. oryzae 83—9—165 npu BbI- 
palljMBaHuu rpHOa Ha cpesle C KYKYPy3HOM MyKOl Takxe MOXKHO OObACHHT. 
TOJIbKO HaJIMYHeM B MyYKe CM€CH MOHO@MHHOKHCAIOT. 

AHaJIOrHUHbIe Pe3y/IbTAaTbI NOYYeHbI MPH UCHbITAaHHM PXKaHOli MYKH, H3 KO- 
TOPOH Mbl Tak2Ke BbI-eHIH PpPaKWHIC MOHOAMHHOKHCAIOT. 

TakuM O0pa30M, pe3yJIbTaTbI HallMX OMBITOB C 9KCTPaKTOM H3 COJIOJOBbIX 
PpOCTKOB HM KyKyPy3HOM MYKH MOKa3saJIM, ITO CTHMYJHPyIOulM dbaxTop, cosep- 
*KallMHCA B OOOMX UCIbITAHHBIX MaTepHaax, MMeeT OHY MH Ty %Ke MpHpody. 
Boiqerenuble (PpakUMH MOHOAMMHOKUCOT ObWIH MPpOaHaIH3HPOBaHbl C MOMOILbIO 
XpomaTorpaduu Ha Oymare, YTO H NOSBOMHO HACHTHDULMPOBAaTh CMECH aMHHO- 
KucoT. B o60HX ci1yyanx Oplia OOHapyxKeHa Ofna H Ta Xe CMCCb AMHHOKHCIOT, 


“ Tak Kak Ha CpeylaxX C KyKypy3HOH MyKoli 4YacTb cy6cTpata ocTaeTCs B HepacTBOpHMOM 
COCTOAHHH, BEC MHLeIHA He MOF ObITb oONpeeven. 
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cocTOAljat H3 MeCTHOHHHA, WucTeuHa, HOpwieHiMHa, TIMWMHa, BaIMHa, Tpeo- 
WUHa, MpOJIMHa, CepHHa MH THPO3HHa. 

MoxkHo AyMaTb, 4YTO yCTaHOBJICHHaA CM€Cb AMHHOKHCJIOT HeOOxosuMma WA 
yCHJICEHHOrO CHHTe3a AMHJIa3bl HalHM BapwaHToM rpHOa. Bo3smoxkHo, uTo He 
BC€ KOMMOHEeHTHI STOFO KOMIMI€KCa OMHAKOBO AKTHBHbI IPH OOpa3soBaHun dep- 

eta. J[aibHeimiMe MCCeOBaHHA NOMOryT Oowlee TOUHO BHIABHTb POJIb Hali- 
JleHHOrO HaMHM CTHMYJIATOPa HM OTACNIbHbIX AMMHOKUCJIOT, BXOAAMMX B ero Cco- 
CTaB, B OHOCHHTe3e aMUa3bl. 

BuBob. Ha ocHopaHHu mpoBeseHHbIX HCCIeqOBaHul MOXKHO CllelaTb 
BBIBOA, ITO OOpas0BaHHe aMUIA3bI B ITyOHHHOM KybType rpu6a Asp. oryzae 
3—9—15 moxeT ObITb ycumeHo B 6—-8 pas mpHOaBmeHueM K CHHTeTHUeCKOl 
MHTaTesbHOH cpeyqe Uanexa cmecu amuHnokucuior. IIpucyrcrsuem. 3THX Ke Be- 
IeCTB OODACHACTCA BbICOKAA AMMJIOIHTHYCCKAA AKTHBHOCTb KYJIbTYPbI 2TOFO 
rpHOa mp MpHMeHeHHH KyKypy3HOl MH pxKaHOl MyKH. 


Beecolo3HbIit Hay4HO-HcceqoBaTeIbCKHH Tloctynuso 
HHCTHTYT CNHPTOBOH HM MHKePHO-BOLOUHOK 18 VI 1959 
Ip OMBILUJICHHOCTH 


ILMTHPOBAHHAS JIATEPATYPA 


1A. H. Benosepckuh, H. HW. Wpockxypsk os, Ilpaxtuyeckoe pyKosozcTso 
m0 OHoxuMuH pacteHnli, M., 1951. *T. Bopcey «k, Buocuntes nentuyzos u 6enkos, Cospe- 
MeHHbIe Mpo6mempl GHoxumuun, WJ], 1957. % M. Tloaaox, Ctaqniinoctb Bp o6pas0BaHHu 
bepmentos. Afantalua y MuKpoopraHusmos, M., 1956. *P. B. Oe Hu KcoOBa, Amuuo- 
JIMTMueCKHe (bepMeHTEI rpH6os u3 poga Aspergillus, Jlucceprauua, M., 1956. © P. B. De- 
HuKcoBa, E. A. Tpagqwatosa, Coopu. tp. Kondep. no dusvon. WHTaHHA MUKPOOp- 
ranu3mos, M., 1959 (B meyatu). © 3. VW. Ul nureapbmMaun, X. Xanasopcou, IIpu- 
‘pola WpeflecTBeHHHKa B HHAyUHPOBaHHOM CHHTese tpepMeHTOB, AfantTallua MMkpoopraHns- 
imos, UJI, 1956. 7 D. Billen, H. Lichstein, J. Bacteriol., 61 515 (1951). ® E. Ga- 
mew. olkes, Biochem, Je, .09),.,.6/0,01955).8 WL Re Bre tink Ss O-viay; Proce eOl ythe 
Intern. Symposium on Enzyme Chemistry, Tokyo — Kyoto, 1957, p. 482. 1°P. Shah, 
Reker ob. Teo rris. J. Gen. Microbiol’, 175-20 (1957); 4! P&S hrath, He K imo de 
Gen. Microbiol., 20, 78 (1959). 
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Jloxaagn Axkagemun nayr CCCP 
1959. Tom 128, Ni 5 


BHO®HSHKA 


r. M. EPHASAPOB 


PAJIMOCHHTE3 BUTAMHHOB C HB, B HEKOTOPDIX 
MWUEBbIX MPOAYKTAX 


(IT pedcmaseaeno axademuxom A. H. Onapunom 5 VI 1959) 


Crepumu3ylollive JO3bl HOHU3UPylollel paquallun (2—3 MH. ©) 3HauNTedIb- 
HO CHWKaIOT BHTAMMHHY1O IleHHOCTh MHULeBbIX MpoAyKTos (7). B anKol padore 
HaMH M0Ka3aHo, TO Oowlee HH3KHe AoOsbl y-s1yseH (MopsfKa 50 TpIc. ©), TakxKe 
HMeIOllMe MPaKTHYeCKOe 3HAveHHE WIA pPalMallMOHHOrO KOHCePBHPOBaHHA, BbI- 
3bIBaI0T B OTJCJIbHbIX CJlyYaHX HaAKOMJeHHe BATAMMHOB B OOJIYYaeMbIX OObEKTAX. 

QKCNePHMEHTHI MPOBOANHCb CieyIOWWMM OOpa30m. OOpa3libl BATAMHHOHO- 
cuTemel MOMelaIMCb B TOHKOCTeHHbIe CTeKJAHHbIe O1OKCbI (4Hamerp 90 mM, 
ppicota 130 mm). Bec npo6 KomeOanca oT 350 Zo 500 r, B 3aBHCHMOCTH OT Bua 
muueporo mponykta. Jia oOsyyeHua UcCnOb30Banacb ycraHoBKa I YT-Co%- 


-400-1 c¢ mMoutHocTbio Ao3b 18 Tpic. r/4ac. OOyyeHHe NPOBOAHOCb B TeEMHOTE © 


mpu Temmepatype 5—8°. Ilocne aun onpeyeneHHOK o3bl y-syyeH or mpob 
OTOMPasIMCb HaBecKH JIA aHamH30B. Buramunpl A, B,, Be, C, E, PP uw Kkaporuy 
 ONpeeIAIMCb XHMMUCCKHM ITyYT€EM NO MpONWCAM, PeKOMeHAOBaHHbIM Bcecotos- 
HbIM Hay4HO-HCCIeAOBaTeJIBCKHM BHTAMHHHBIM HHCTHTYTOM. Pe3ysibTaTbl OMbITOB 
cBeeHbI B Tad. 1, rae noKa3aHbl CpeqHHe BeMUNHbI. BapwalluoHHo-cTaTHcTH- 
yeckoH OOpadoTKOH ycTaHOBJeHa JOCTOBEPHOCTbh MOJYYeCHHbIX JaHHbIX MO BCeM 
HCCJI€lOBaHHbIM OOpa3siiam (7'> 3). 

He Opio oTMe4yeHO HH OJHOTO Cay4uad HakoMeHHA BUTaMHMHOB A, Bz, E, 
PP wu kapoTuHa B OoubWolH rpynne MpoyKTOB %XMBOTHOTO HM paCTHTe/IbHOTO 
mpoucxox*kenuA. Uro %e KacaeTCA TOMAT-MaCTbIl, KOPOBberO MOJIOKA, CJIHMBOU- 
HOrO Maca H MOACOJIHeYHOrO Maca, TO B HAX MpH 1O0—150 ThIc. r ycTaHoB- 
JI@Hbl MoTepH BuTaMuHa A, KapoTuHa u OCcObeHHO ToKOmepovsioB. Opraxosentu- 
YeCKHe MOKa3aTeIM BCeX OOPAa3IlOB OCTaBaJIHCb 6€3 H3MeCHeEHHA Ha BCeM IIPOTA- 
2KCHHH OIIBITOB. 

IIpu paccMorpeHuu pe3yJIbTaTOB, NOJYYeHHbIX pH oOmyseHuH C-BuTaMHHO- 
HOCHTeJIeH, BHAHO, YTO B KOHC€PBHPOBaHHbIX OBOWLAX HW [paxke mpoucxo,uio 
MIaBHOe, B OCHOBHOM MIpOnopluoHaIbHoe ose OOYYeHHA, PaspyllieHue acKop- 
OuHoBol KucuoTH. IIpu 150 Tc. r B kKBalleHOli KamycTe coxpanuuoch 65%, 
B TOMaT-lIacTe — oKoso 80% wu B Apaxe 88% nepBoHavanbHO HMeBLIerocA BHU- 
TamuHa C. Uro Ke Kacaercsd CBexKUNX OBOE, TO 3ecb HaGwOanocb Hakorvie- 
Hue acKopOuHOBoH KucrOoTHI. IIpu o6syyeHuu Kaptodens 50 THIc. r oTMe4eHO 
AOBOJIbHO 3HAaYHTeIbHOe yBeIMueHMe COepxkaHHA BUTaMHHa C, JocTuraBliee 
B CpeqHeM Oovlee NOJOBHHDI UCXOAHOK BenuunHEl. Tipu Janbueliem o61yuenun 
KOJIMYeCTBO BUTamMuHa C yMeHbIIMIOCb M K KOHILY OMbiTa JocTur0 UpuMepHo 
M€pBOHavaIbHOrO ypoBHA. AHajorHuHad KapTHHa HaOsOJanacb H B MOPKOBH 
(yBeruueHne mpu 50 THC. r Ha 74,8%), OHaKO c TOM pasHulleli, uro pu 
150 Teic.r HaO0amocb pe3kKoe yMeHbIleHHe CosepxKaHuA BUTamuHa C, oxo- 
TuBuee Jo 56% moO CpaBHeHHIO C KOHTPoueM. 

IIpu oleHKe (akTa yBenmueHuaA BUTamMuHa C cylekyeT UMeTb B BHJY OTMe- 
YeHHYIO B HEKOTOPbIX paOorax (* “) cnocoOHOCTL OUHUeCHHbIX H Hape3aHHbIX OBO= 
eH MH H3MCJIbYCHHbIX TPOAYKTOB CHHTE3MPOBaTb aCKOPOMHOByIO KucuIOTy. Tak, 
9TO HaOMOAaloch y KapTodeA, yKa, TbIKBbI, YeCHOKa, AOWIOK, ropoxa. Pane- 
Boe OOpa3s0BaHHe aCKOPOMHOBOM KHCOTHI CBASHIBAIOT C 3alllUTHOH byHKuneli 
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‘Kanu. IIpu sTom Obim0 OTMeyeHO, YTO Ha OHNOCHHTe3 BUTAMHHA MOJIOXKUTEMbHO 
JJIMAIOT KHCJIOPO, M CBeET, OKa3bIBalOT CaO0e BJIMAHHE BaKHOCTh HM CHJIbHO 
(OPpMO3HT Tpollecc Hammune COs. 

TIponnkatoulan palualua, Tak Ke Kak WH MeXaHHyecKoe BOSACHCTBHE, BbI- 
|bIBACT AKTHBAILMIO OKUCJINTEbHO-BOCCTAHOBUTEIbHBIX mpoteccos (°). Ocobex- 
1O 9TO yCHJIMBaeTCA B MIPHCyYTCTBHH 3HAUMTEJIbHbIX KOJIMYeECTB BJIarH H3-3a 
pOpasoBaHHA, B Pe3yJIbTATe PaMO3a BOAbI, BbICOKOAKTHBHBIX ATOMOB HM pa- 
luKasioB. CieqoBaTesIbHO, NpH OOMYYeHHH CpaBHHTeIbHO HeOOIbUIHMH o3a- 
MM ‘-Jlyueli KapTotbes! MH MOPKOBH, NO-BHAMMOMY, HMeeT MeCTO TIpOABeHHe 
allMTHOH peaKUHh PaCTHTeJIbHOM TKAHM Ha BOseHCTBHe U3TyYeHHH Cobol 
bHeprun. Ilpu teraibHOM U3y4YeHHH OTMeYeHHO"O (hakTa OpIIO YCTAaHOBWeHO, YTO 
B pesyJbTaTe OOJYYeHUA MPOMCXOAHT PocT Kak aCKOPOMHOBOM, Tak Hu Leruypo- 
ACKOPOHHOBOHM KUCJIOTEI, HO OCHOBHOM MpoleHT mpHpocra mafaer Ha TONIO OKUC- 
M@eHHOM dopmpl. B npodykrax, nolBepraBluMXxCA pa3IM4YHOrO poka TepMuyecKoli 


Taévnma 4 


CojepxxaHve BuTaMuHoB C u By, B MMMeBbIX MposyKTax mocue OOnyueHuaA 
(B MHJJIMrpaMM-npolentax) 


UYucao uccse- a 
nopannnix | °.26%] 55000 r | 50000 r | 100000 r | 150000 r 
o6pa3loB 


ButramuuH C 


| 

eapropen: 13 5,13 520 8,09 5,29 4,88 
\MopkKoBb 9 4,45 4,39 CS 4,34 Dol 
(Kallycta KBalleHaa 9 Leo 12,00 11,80 10,91 dl 
(Tomat-nacta 14 22,02 Pa ANA Palko) 20,10 U7 3 
Yipaxe BuTamuH C 8 o1 17 51,07 ot ,00 50,05 45,05 


| 
. 


ButamuH By, 


| yka pxKaHad (o6ofHas) (IP O27 0,27 0,24 0,18 0,12 
\(Myka nmenuunad (72% -s) 14 0,20 0,18 Oils} 0,13 0,09 
Timeno 44 0,42 0,40 0,40 0,37 0,214 
Tlepsopaa kpyna 9 OFe2 0,34 0,67 0,32 0,30 
[peunesaa Kpyna 14 0,57 0,64 0,94 0,60 OOF 
(pare BUTaMuH By, 10 L9G 496 1,94 1,84 1,88 
! 


| 

I 
ly 
| 


| IIpumeuaune. B ropaxbeM mace, NeyeHH, KONOaCHOM (hapule, HaTypadbHOM Mu 


iC yXOM KOPOBbeM MOJIOKe HM CbIpe H3MeHeEHHH B COJepxXaHHH THaMMHAa He MPOM3OLNIO, HM ITH 
iJaHHble B TaOsuMe HE MpHBOsATCH. 


6pa6oTKe HJIM KOHCePpBHPOBaHHlO (TaKHX, HAaNPHMep, Kak TOMAT-acTa HM KBa- 
eHad KallycTa), a TaK2Ke B HCKYCCTBCHHO MPHIOTOBJICHHbIX BHTAMHMHHBIX Ipe- 
mapatax (qpaxe) He HMeeTCA PesepBOB AIA OOPasoBaHHA aCKOPOMHOBOH KUC- 
oTbl. Kpome 3Toro, JIMCTbA KallycTbl BOOOWLe He CNOCOOHbI K paHeBomy OnocuH- 
esy (°), Tak KaK MOCeHHH MPHCYL TOJIbKO TKaHAM, BXOJALIMM B COCTaB Op- 
aHOB BereTaTHBHOTO pa3MHO2KeHHA. 

Haxonsmenue THAMHHAa B peuHeBol uM MepsOBOH Kpyne MoxeT ObITb, MO BceH 
ePOATHOCTH, OObACHeHO TEM 2Ke TPHYMHaMH, YTO HM ABMeHHe paMocuHTe3a 
iBuramuHa C. IIpu BElicHeHHM MPH4YHH CPaBHUTeJIbHO JerKOrO pa3spylWieHuA BU- 
‘Tamia B, B MyKe M MlleHe OblwIO YCTAHOBJIEHO, YTO 3TO ABJIACTCH Pe3yJIbTATOM 
OKHCJIHTEIbHbIX MpOWeccoB, MpOTeKalolluX B 2*XHPOBOK (pakUMU MO] BMAHHEM 
o6nyyueHna. IIpu qosax nopazKa 100—150 tic. r npoucxofHIO 3HaYTeIbHOe 
YBeyIMUeHHe TePCKHCHBIX YHCeM, KOTOPOe, HalpuMep, AA 2Xupa MWeHHYHOH 
IMYKH MPeBbICHIO KOHTPOJIb MIpHOH38HTeEIbHO B 4 pasa. OOpasytoliuecs B pe- 
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3YIbTaTe PaMOH3a XKMPOB AKTHBHbIe MPOYKTbI pacnaya, OYeBHAHO, jeucT- 
BYIOT pa3pyulialollle Ha THAaMHH. B rpeyHeBol u MepsOBOH Kpyme %KUP OKasacAa 
MeHee T10J{BeP2KeCHHBIM BO3elicTBHIO HOHM3UpyionleH paqualuu. Kak u B cryyae 
BUTaMuHa C, HaKOMeHHA THAMMHA B Apaxke OTMeYeHO He Oblwio. 


Hlocrymuso 
12 V 1959 


LMTHPOBAHHASA JIATEPATYPA 


1p.C, Xeuua‘'u, Hayuuple uw TexHoJorMyeckne MpoOseMbl MpHMMeHeHH A MOHMSHP yIOUlHX 
u3yYeHHH JIA KOHCepBApOBaHHA MMuLeBLIX MpoxyKTos, M., 1957. 2 G. Guthrie, Contr. 
Boyce Thomps. Inst., 9, 17 (1937). %C. M.I1poxowes, Buoxumua, 9, 1, 36 (1944). 
4C. J. Jpspos,l.Tynesuys, A. Wlauteaeesa, Yu. san. Jlen. roc. yHHB., Cep. 
Ovon. HayK, 15, 151 (1945). 5Y4.M. Bacuapbes, O.UW. Ilapgdbeuosa, JAH, 
125, Ne 2. 401 (1959). ¢&K. JI. Tosonaouxkasa, H.W. 3aumesa, AH, 77, 
Ne 2, 317 (1951). 
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Wornanns Axagemuu nayrxr CCCP 
1959. Tom 128, Ne 5 


BHO®H3HKA 


WM. E. 3JIBMIMHEP u JI. M. BPOHCKAA 


O HEKOTOPbIX ®H3HKO-XHMUMYECKHX OCHOBAX 
CTHMYJIMPYFOWETO JEMCTBUA YJIbTPA3BYKOBbIX BOJIH 
HA BCXO)KECTb CEMAH KYKYPY3blI 
(ITpedcmaeaexo axademuxom A. H. Onapunoim 2 VI 1959) 


B npespiyuux cooOurenuax (1, *) Oplio MoKa3aHo, 4TO yabTpasByKOBbIe 
JIHbI IPH OMpeeIeHHbIX YCJIOBHAX BbISbIBAIOT B OMOJOrMYeCKHX OObEKTAX 06- 
THMble (PH3SHKO-XUMHUCCKHe H3MCHCHHA, OTParxKaloulueca Ha PYHKUMOHAIbHOM 
CTOAHHM O3BYYMBaeMbIX OPFaHH3MOB, B YaCTHOCTH Ha PYHKIMAX KJICTOUBDIX 
ooueK H MeMOpaH. Peub ueT He TOJIbKO O HapylIeHHH MpOHUaemocTH No- 
eHMX, HO MH O CABHIax B (PU3HYeCKOM H XHMHYECKOM COCTOAHHAX MAaKPoOMosie- 
YIAPHbIX KOMMI€KCOB, BXOAALIMX B COCTaB CyOMHKPOCKOMHYeCKUX CTPyKTyp 
DBeEPXHOCTHBIX CJIO€B KJIETOK. OKCMCPHMCHTAJIbHO 3TO BbIParxKaeTCA B YCHJICHHH 
2PMCHTATHBHOH AKTHBHOCTH PAJa 9H3HMOB, JIOKAJIM3OBaHHBIX B MOBePXHOCT- 
IX CJIOAX KJIeCTOUHBIX OGo0UeK (7, 4), B HSMCHEHHH UX 3EKTPOKHHETHYeCKOrO 
bTeHuuata (4) HW, HaKOHell, B MOBBILMeHHH UYBCTBUTEIbHOCTH O3BYUHBaeMBIX 
[eTOK K JleHCTBHIO pxAJa ONOJIOrMYeCKH AKTHBHbIX BELLECTB. 

B wacToslleh paOoTe MpHBOLATCA JaHHbIe, MOSBOJIAIOULHe CYMTATb, YTO yJIbT- 
H3BYKOBble BOJIHbI TaK}Ke BBbISbIBaIOT, MO-BHMMOMY, «pacillaTbiBaHue» cyOmu- 
OCKOMHYECKHX CTPYKTYp O6o0NeK CeEMAH H OKAa3bIBalOT BJIMAHHe Ha (pepMeH- 
ITHBHY!0 AKTHBHOCTb 9THX CTPYKTYp. 

UcceqoBpaHia MpOBOMJIHCb Cc CeMeHaMH KYKypy3bl copta Crepsuur, Cepep- 
ha Jloxota u BMP-2. Ha6ntogenua cBoqusIuCb K ONMCaHHIO MaAKPOCKONHYeCKO- 
) COCTOAHHA CeEMAH B HepBble AHH HX pocTa u K NOMAporpaduyeckomy onpexe- 
MHuIO KHHETHKH OOpas0BaHHA MepeKHCHbIX COCJMHEHHH B OTACJIbHbIX 3/IeEMeH- 
1X C€MeHH: IMHTKe, 3apospiliie u 9HAocmepme. M3meHeHue KomMYeCTBa NepeKu- 
ii B IMCTbAX PacTeHHH NO] BIMAHHEM HOHH3HPYIOULMX H3yYeHHH OblIO MOKa- 
ino E. B. Byauuuxoi, WU. . Bopucopoit, A. P. Macprckum (°). 

| Jinx ompeleneHua MepeKHCHbIX COeCAHHCHHM MbI HCNOMb3OBaIM HeCKOJIbKO 
bAaupuuupoBaHHbld HaMM MeTOA NomAporpaduyeckoro aHaJIH3a, MpeAvIOKeH- 
wii JIbronc u Kpayen6yur (°) quia KaveCTBeEHHOrO H KOJMYeCTBEHHOrO HCCTeqO- 
| HHA opraHuyeckux mepekuceH. OTHM MeTOJOM HCCeLOBaIHCb OTesIbHO 
4@ TlepeYHCICHHble aHATOMMYeCKHe 3JICEMCHTbI CeCMAH KYyKYypy3bl. Cemena 
MOPa2KUBaJINCh HM PaCTHPaJHCb B CTYIKe; K HaBecKe B21 ucceqyemoro K1e- 
j4HOrO MaTepHasa OOaBIANIM CePHOKHCJIbI KauIbuMli M 9KCTparMpoBasnu 
InougHy!0 @pakunio 4 ma Oensona B TeyeHne 30 MH. 

| WonoM AIA NOMAporpaduu HasBaHHOH (pakWuU CJyxKHNa CMeCb OeH30Na 
\meraHona c LiCl. Auetika qa nomaporpapupoBanua (91eKTposH3ep) Cc aHa- 
'3MpyeMOl X%HAKOCTLIO MpeABapHTeMbHO HAaCcbIlMaach BOAOPOJOM. 

|B coorpercTBuv C MouyueHHpImMu paHee Ky3unpim, Bponcko uv Bepesunoki 
\HHbIMH, Il@PCKHCHbIe COCAMHCHHA, B BeCbMa MaJIbIX KOJIM¥eCTBAX, NOAApO- 
apuueckH ONpeleiAIMCh, NIpH mpopacTaHHu CeMHAH B SHOCMepMe MH 3apo- 
we. Vickmi0ueHHeM ABJIAJICA ULMTOK, KOTOPbIi, KaK M3BeCTHO, OoraT dep- 
HTaMH, KaTaJIM3Hpy!OlMMH XMMHYeCKHE MpeBPallleHHA 3aJIO%KeHHbIX B 9HAO- 

PMe UMTATeIbHbIX BellecTB. CorjacHo nosAporpapuyecKuM MaHHbIM, Tepe- 
CHbIe COCIMHEHUA B ILMTKe HaunMHaIOoT OOHAPy2xKUBATLCA Ha 2—3 CyTKM Hama- 
BaHUa ceMAH (Ha¥aso mpopacTaHua), K 7—8 AHIO MpopacTaHHA UX KoMYe- 
© pesKo BospacTaeT, Nocye Yero, MO0-BHAHMOMY, B CBASH C MpeKpalllennem 
PMCHTATHBHOM AKTMBHOCTH 2H3MMOB IMTKa KOHMeHTPalluA MepeKUcelt OvicTpo 
*KaeTcH. 

Kak Buguo Ha pyc. 1, nOmAporpaMMa JIMMOMAHbIX 9KCTPaKTOB UWHTKa CO- 
ut u3 2 nomaporpadbuyeckuxX BOIH Cc oTeHMalamMu nonyBonH — 0,9 u 
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TAH, 128, M 5 


« 
—1,4 8. Ileppax somHa o6ycioBeHa HaMuveM B KuAKOCTH THApOMepeKUcel 
BTOPYlO BOJHY NMOKa He yamocb TOUHO uLeHTHHUMpoBaTb. CilelyeT yKa3ar! 


| 


| 


Puc. 1. TlonasporpaMMbt OeH30/IbHEIX S9KCTPaKTOB H3 WHTKOB CeCMAH KYKYyPy3bi 

nocme 3-qHepHoro mpopactanua. / — 6e3 o3By4yHBaHHA, 2 — npeBapHTenbHoe 

O3BY4NBaHHe B IIpHCyTCTBHH BO3LyXa B TeyeHHe 5 MHH., 3 — OCHOBHOH (box 
(6exu30n, MeTaHou, LiCl) 


UTO aHaJIOTHUHbIe ABOHHbIe BOJIHbI OOHAPyXUBAIOTCA Ha MOJMAPOrPaMMaxX OKH 
JI@HHOM JIMHOJIeBOM KHCJIOTH, NOJYYeHHIX MPH MOJApOrpamuyeckoM ee aHasM 
B YKa3aHHOM BbIlle one. 

TlomsporpaduyeckH HaMu U3yUaNcb CeMeHa KyKyPpy3bl, NOBepraBuinec 
O3BY4HBaHHIO B BOAHOH cpeyle B TeyeHHe 5 MMH. (YacToTa KOMeOaHut 380 KT) 
wuTeHcHBHocTh 5 Bt/cm?). Mapsepble MeWOUKH C cemeHal, 
(10 mryk) norpyxamHcb HeMocpeCTBeHHO B YJIbTPpasByK\ 
BOH (OHTaH, BOSHHKAaBLUHH Ha NOBepXHOCTH BOJHOH BaHHO, 
KH, Ha (He KOTOpOH NoMellasicA Mbe3OKBapWeBLI H3TYY. 
Telb. B Kaxkgou us 8 cepuii OMbITOB O3BYYHBaHH}O M10, 
Bepramucb 100 wiryK cemaH. Cemena mpopalllnBasncb, 
yaikax Ilerpu B TepmocTaTe mpuH TemMnepaType 25--0,1 
Tlonsporpaduyeckni aHamu3 Ha cowepKanue rusponep 
KMCeH B WHTKaX NMpOusBOAHICA Yepes 3; 5 u 8 CyTOK OCI 
3aMaUHMBaHHA Kak O3BYYCHHbIX, TaK H HeEO3BYYCHHbIX (KO! 
TPOJIbHbIX) CeMAH. 

Ec HCXOQUTb U3 JAHHbIX NPOBeAeEHHOrO NOMAporpadi 
yeCKOrO aHaH3a, TO CeyeT CUHTATb, UTO KOJMYECTBO 
PeCKHCHbIX COCAMHEHHH B WHTKaX Ha BCeX 3TAMaX PasBHTE 

O3BYYeCHHbIX C€MAH KYKYPy3bl MOUTH B 2 pasa COIL 
Puc. 2. OTHOCHTeIb- yey B KOHTpoue (puc. 2). 
Hoe COyep2KaHHe Ile- 
PEKUCHBIX. coelHHe- Kpome Toro, BbIXCHHIOCb, YTO yBeJIHMYeHHe KOJIMYECT! 
HHii, onmpegensempix MWePCKHCHbIX COCNHHEHHH HaOIOaOCcb JIMUIb B Tex cu} 
BEICOTOH Momsporpa- YaAX, KOPla UMeO MecTO GOoulee ObICTpoe HM Oomee MHTE 
es ees CHBHoe mpopactanne cemaH. [locmeqHee, kak mpaBHuo, 
ospyyennpix ceman MeYaIOCh IPH MmpeBapuTenbHOM OGIyYeHHH CeMAH yJI 
TPa3BYKOBbIMH BOJIHaMH (puc. 3). OO STOM CBAeTeIbCTBY 
AaHHble 3aMepoB mpopocrKoB. Ha 3 cyrku mpopactaHr 
cpeqHasd (u3 300 samepos) MHA Kopelmka y O3BYUCHHEIX CeMAH cocTaBAA 
4,6 cM, a y Heo3By4eHHEIX 2,7 cm, Ha 5 exub 6,9 u 4,8 cm, cooTBercTBeHHO. 

IIpu 6onee quTenbHOM ospyunBaHnu (10—15 Muu.) oTMewaocb yrHeTeH 
IPOWECCOB Pa3sBUTHA, a B HEKOTOPbIX CTy¥atx — Jlaxke ruOeb cemaH. Sayep3 
Ka B PasBHTHH C€MAH, BbISBaHHAaA YJIbTPpa3BYKOBbIMU BOJIHAMH, COMPOBOxKy 
JaCb YMCHbIICHHeM KOJIMYeCTBa M€PCKHCHBIX CoeAMHeHHH, OMpeyensemoro 
JAPOrpasuyeckKuM MeToyOM (cM. puc. 2). 

B sako0ueHve npu6aBuM, 4TO NOX eHcTBueM yJIbTPa3BYKOBBIX BOJH HMed. 
M€CTO SHAYHTeIbHOe yCKOpeHve Mpolleccos HaGyxaHua, HaGmOaemoro pu 3 
Ma4MBaHHu cemaH. B onpitax c cemMeHaMH KyKyPy3bl 3HAYHTebHOe HabyxaHi 


OTMe4asIOCb HeENoOcpeACTBeHHO axe nocne -MHHYTHOrO o3By4NBaHHaA. Ofna 
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ZB / 
AZ 


L 


J 8 
4H npopacigHua 


HM, N0-BHAMMOMY, NOMHOCTbIO He onpeyenseTca cTuMyupyloulM acbbext 
ibTPa3BYKOBBIX BOJIH. MexaHu3M OMMCbIBaeMOli CTHMYALMH PasBHTUA pactTe- 
A Coulee CO%KeH, Ha YTO YKAsbIBaIOT CIeLyioulue ONDITH. O3sByuHBaHHe ce- 
H MPOH3BOAHJOCb B 3aKPBbITbIX CTCKIAHHbIX O10Kcax (10 cepuli onbiTos). pu 
OBHAX OSBYYMBaHHA B CTCKJIAHHbIX O1OKCaX CTHMYJIMPyIoOulM sdctbekT oOHa- 


Puc. 3.Cemena Kykypy3bl copta Cepepuas JlakoTa Ha 3 2eHb Mpopactanus. 
a — 6e3 O3BYYHBaHHA (KOHTpOwb), 6 — UpesBapuTembHoe oOsByuHBaHHe 
CeMAH B TeyeHHe 5 MHH. 


*KUBAJICA MOce 7 MMH. O3BYYHBaHHA. OWHAKO eCIM Mepel O3BYYHBAaHHeM BO3- 
K M3 O1OKCA BbITeCHAJICA BOLOPOJOM, TUaTeIbHO OYHUEHHbIM OT KUCOposa, 
| Woce 7-MMHYTHOPO O38BY4HBaHHA He HaGwlOJalocb yCKOPeHHA BCXO?KeCTH 
{AH KyKypy3bl. CemeHa, o38ByYeHHbIe B MPHCyTCTBHH BOLOposa, NO CBoeMy 
yibHeHIMemMy pasBuTHio Ha YauKax IlerpH He OTMHYAIHCb OT KOHTPOJIbHbIX 
MAH, HHOra Wake OTCTaBaIM OT HHX. 

| Hwxke mpuBesenbl CXema MW pe3yJIbTAaTHI STOFO OMbITa (LIMHAa KOPeLIKOB Mpo- 


| 


CINMX C€MAH KyKyPy3bl B CaHTHMeTpax, cpeqHue u3 300 mpomepos): 


3 WeHb 5 WeHb 
upopactaHua MpopacraHua 


KoutTpowab 1—npopacraune B Boze Pasi 4,8 
KouTpoab 2—npexBaputTembHoe 3aMayuHBaHHe 
(385 MHH.) B BOJe, HaCbIIeHHOH BOXOposoM, 3aTem 
npopactanue B Bose ; 
Ol bIT — MpeszBapuTembHoe 3aMaunBaHHe (28 Mud.) 
B BOJe, HACHIMLeHHOH BOAOPOOM, H OMHOBpeMeHHOe 
O3ByuHBaHHe (7 MHH.), 3aTeM NpopacTaHHe B Bore { 49 ay 


1) 
a 


4,9 


1 


| Mrak, cTuMyIAIWMA PasBUTHA CeEMAH KYKYPY3bI OOYCJIOBeHa, MO-BUAMMOMy, 
WSHUKAIOILMMH HEMOCpeACTBeEHHO BO BPeMA O8BYYHBaHHUA ONOXHMMYeCKHMH 
olleccaMH, B KOTOPbIX aAKTHBHOe y4acTHe MPHHUMaeT KHCIOPOL. 

| B wactosllee BP€MA MOXKHO JIMIUIb BbICKa3aTb TIpeMNOJORKeHHe, YTO B MOE 
|bTPa3BYKOBbIX BOJIH, BePOATHO, MPOWCXOAHT <«pacillaTbiBaHHe» CyOMUKpo- 
(OMMYECKUX CTPyKTyp OGoO4eK 3aposbillla, 4YTO CNOcoOcTBYyeT He TOJIbKO IIpo- 
iccam HaOyxaHua, HO HM OOweruaeT peakIHIO B3aHMOJeCHCTBUA Ha3BaHHbIX 
PYKTYP c KHCMOPOOM BosLyxXa, C YEM CBASAHO, BeEPpOATHO, HaYaO MeTabo- 


\ 
I 


lYeCKOH JICATCJIbHOCTH MOCJIeXHUX. 


| VucrutyT Ovonornyueckol pusHku Tloctynuso 
Akayemun HaykK CCCP 21 V 1959 
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K BONPOCY O NYTH YPJIEPOAA NPH XEMOCHHTE3E | | 


(ITpedcmaeaeno axademuxom A. H. Onapunom 18 VI 1959) 


H 


BpisicHeHHe MYTH yrulepoda mp XeMOCHHTese UMeeT OovIbllloe 3HayeHHe NIA 
MO3HaHHA OOULMX 3aKOHOMepHocTeli aBToTpodHOrO THMa OOMeHa BelllecTB H 
npelcraBaser OCOOeCHHBI MHTepec C TOUKH 3PpeHHA SBOJIOWMOHHOHM OnOXxH~ 
MH, aBaA BO3MOXKHOCTbh YCTAHOBHTb HOBbIe, BECbMa BaXKHble YEPTbl CXOACTBA 
MH pa3JIHuHA XeMOCHHTeTHYeCKOH HM (hOTOCHHTeTHYCCKOH BeTBeH SBOVJIIOIMH. 
VUyeu 0 BepoxATHOM eJ\MHCTBE MPHPOAbI MmpolleccoB accHMHVJIAlMH yruiepowé 
pH XeMOCHHTe3e H CoTOCHHTese BO3HHKa/IH WaBHo. TaKoro poja rumoresa, F 
(bopMe npedcTaBjeHuit Toro BpeMeHH, Oblvia BbIABUHYyTa ele JlebexeBpIM (’). | 

Tenepb pa3BuBaeTCA TOUKA 3PCHHA O BOSMOXKHOCTH CYILECTBEHHBIX pasJMUnh 
B XHMH3Me peakl\ult OOMeHa BeLIeCCTB Pa3JIMYHbIX MHKPOOPlaHH3MOB, TaK Kak 
yCJIOBUA UX PpocTa HM pasBHTHA, a TaK%Ke KOHEYHbIe MPOAYKTbI UX 2KU3HENeATEIIb: 
HOCTH BeCbMa Pa3JIHUHbI. ; 

Bmecte c TeM, He HCKJIOUAIOTCH 9JICMCHTHI CXOACTBA Pa3JINYHbIX THNOB OOMeHE 
BeulecTB (?). 

MoxKHo jlyMaTb, YTO MPHBeACHHOe BbIMe MOORKeHHE O Pa3sIHYHH B eu 
peakKUMH y pa3HbIX MHKPOOpraHH3MoB OysleT ellie Oomee APKO BbIPAKeHO MIP} 
CONOCTaBJICHHH TAaKHX Pa3JIMYHbIX THNOB OPfaHH3MOB, KaK BbICIIMe pacTeHuy 
uw OakTepuu, u OyfeT pactipocTpaHATbCA Tak?Ke Ha XHMH3M aCCHMHJIALHH UME 
YII@KHCJIOTbI, BKJIIOUaA ee HauaJIbHble cTauH. 

JlocTaTouHo BCNOMHHTD, TO BbIcWIMe pacTeHusA Ha 89—90% cocToaT us yrule: 
BOOB, Tora Kak JIA CocTaBa OakTepuli XAPaKTePHO BbICOKOe COepxKaHue a3o0 
THCTbIX BeleCTB. 

B xkayecTBe OObeKTa B HAlIMX HCCeEOBAHHAX ObWIM B3ATbI BOLOPOAHbK 
OakTepuu, akYIbTaTHBHbIe ABTOTPOpbI, CMOCOOHbIe B OTCYTCTBHe opraHnye, 
CKOrO BellleCTBa PpaCTH M PaSMHOKATbCA, HCMOMb3YA SHEPFHIO OKUCJICHUA BOLO! 
pofa MOJIeKYJAPHbIM KHCJOPOAOM MPH HaJIMYHM YIICKHCOTHI KaK eMHCTBEH, 
HOrO MCTOUHNKAa yruepoja. 

Tako BbiOop OObeKTAa NCCeEAOBAaHHA OOYCNOBNCH PAXOM MPHYHH, u Npex, 
Bcero TEM, 4TO BOMOPOAHble OAkTePHU OTMNVAIOTCA UpesBLIUaHHO HHTCHCUBHBII 
oOMeHOM (*) H 3HaYHTeIbHO Covlee BbICOKOH CyMMapHoi scbcbeKTHBHOCTHIO UC, 
NOJIb3OBaHHA CBOOOAHOH SHEPrHH, YeM OCTaIbHbIe aBToTpodpr (4, °). 

T(t NOATBEp2KCHHA CKa3aHHOFO MOXHO YKa3aTb, UTO B AIPOOHHIX YCOBHA: 
3a 1 Yac KMeTKH MOrOulaloT BOAOPOA MU KHCOpOL B KOMMUeCTBe, MPHMepH 
paBHOM, COOTBeTCTBEHHO, '/1_ H '/2 YACTAM MX Cyxoro Beca (*). Cromb HeOOBIY 
HO BbICOKad HHTCHCHBHOCTh OOMCHA He TObKO MpeACTaBsAeT UCKIIOUNTEbHBI, 
MHTepec C OHOXHMHYeCKOH TOUKH 3peHHA, HO U JaeT G6oIblUIMe BO3MOKHOCT: 
AJIA YCMeWIHOTO pelleHHA 3aaun TaHHoro MCCeAOBaHHA, COCTONIUell B BbIAC 
HEHHH MPHpOAbI MpOLyKTOB (UKCAaMM YIJICKUCJIOTHI C MOMOLIbIO H30TOMHO 
MeTOAMKH. 

Bombuioh unTepec JWI uccaeqoBaTenA mpelcTraBsAeT CHOCOOHOCTh BOC 
POAHbIX OakTepHli HapxAy C BOAOPOAOM OAHOBPeMeHHO OKUCAATh Take opre 
HuyeckHe BelllecTBa (°,’), HCHOb3yA SHEPrHIO OKUCeHUA AA aBToTpodHor 
YCBOCHHA YTICKHCOTH, KOTOPYlO OHM NOPMOWlaloT B KOMMYeCTBE Topa3so SonE 
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€M, 4eM TIpH OObIMHOH rerepoTpoPuoHK cbukcauuu COsz (°). Ira oco6eHHocTh 
S020pORHEIX OakTepHli No3sBouIAeT UCCIeELOBaTeTO NOAOTH OH>Ke K BbIACHE- 
MIO TOYeK NepeceyeHuA MyTeH aBToTpoduHol u rerepoTpoduoH accumMusaAlnu 
TJI@CKMCJIOTHI. 
|| BecbMa BaXKHBIM Tak2ke ABUIAeTCH U3yYeHHe OHOXHMMYECKOH CTOPOHE! BBI- 
aloleHCaA POH BOXOPOAHbIX OakTepHli B Pa3/IMUYHbIX BOCCTAHOBUTEbHbIX TpPo- 
eccax B mpupose (°), Ha 4TO MO2KeT ObITh MPOUT HeEKOTOPbIi CBeT MPH BbIAC- 
e€HHH XapakTepa MPOLYKTOB UX BOCCTAHOBHTEIbHOH JeATeIbHOCTH M0 OTHOLIe- 
HIO K YIvIepOHbIM COoeHHEHHAM. 

KysIbTypa BOOpOAHHIX OaKTepuii BbIfeeHa “3 pe4yHoro necka NO MeTosy, 
nucaHHomy Beasesoli (°). Pasmuoxenne OakTepul npou3Bousocb Ha TBep- 
OH MHHepaJIbHOH cpesle B uauIkax Ilerpu B aiMocdepe, coyepxalei 65% Bo- 
opoga, 13% yraexucsoré rasa u 22% Bosayxa (°). HakonutenbHad KysTypa 
akTepHH, BbIPallMBaBIUaACA B ABTOTPOPHbIX yYCJIOBHAX B TeYeHHe 6—7 cyToK, 
MbIBaIaCb C MOBepXHocTH arapa 4/3, M doccbaTHbim Oydepom pH 7,7, weutpu- 
wpyrupoBaacb pH 4,0 THIc. 00/MHH H OTMbIBaslacb JBYKPaTHbIM pecycneHyu- 
poBaHHem B (octaTHom Oydepe c NOBTOPHbIM WeHTpHdyrupoBanuem. Bspecb 
OakTepHaJIbHbIX Te B HeOObWOM OObeMe docdaTHoro Oydepa mpelcrapiana 
oOo HCXOJHbIM MaTepHaJl B HaluMXx OMbiTax. ONbITh! MPOBOAWJIMCb B YCJIOBHAX, 
(BeCbMa OJIM3KUX K CCTCCTBCHHBIM (PHSHOJIOFHYECKHM YCJIOBHAM Pa3BUTHA KYJIb- 
typbr. UroOpr oOecneunTb UX, Obl H3POTOBJIEH CNelHaIbHbIH mpHOop, cocToa- 
UMM U3 JBYX KaMeIbHbIX BOPOHOK, PaCHOJIOMKeHHbIX HEMOCPEACTBEHHO OHA Hay 
j4pyro, cooOularouuxcaA Mexky coOoH Cc NOMOMI[bIO KpaHa HM CHaOKeHHbIX Kpa- 
taaMn Ia Boycka cmecu ra30B. B HM KHIOIO BOPOHKYy NOMellauch OakTepun, 
CYCHeHAMPOBaHHble B KYJIbTYPaJIbHOH Cpee, AMWeCHHOH ABYyyrleKuCOH Cob. 
BepxHad BopoHKa coyepxKala Ty %e cpely, C MOBBIMeHHbIM coJepxKaHHem 
NaHC™O3. [Ipu6op nanomHsascs ra3s0Bol CMeCbIO, NPHMeHABIWelica Npu BpIpa- 
| UMBaHHH KYJIbTYPbI, H MOMeLlaIcA B TepMoCcTaT upH TemmepaType 30°. Tlooue- 
peTHbIM OTKPbIBaHHeM OJHOTO KpaHa, pacnoslOxKeHHOrO Mey BOPOHKaMH, 
4M &pyroro, Haxojialllerocd Ha KOHWe HuKHeH BOPOHKH, MO%KHO OplIO ObICTpO 
(CMeIIMBaTb MHKpOOHy!O CyCNeH3HIO C Me4eHOH COOH u OpaTb mpoOb mocne 
JlocTaTouHO KOpoTKHX 9kcno3HuuH B NaHCO, (nopagKa 3 cek.). 
| YOuspaHue MuKpOOoB ocyllecTBAAIOch 96% xonoXHbIM cuuptom. Tlocae 
BbICYIUMBaHHA CyCNeH3HH B BaKYYM-9KCHKaTope Hal CyXOH Wemo4blO OCTaTOK 
oOpa6aTpIBasica nodKuceHHbIM cnupTom (10 ma 1N HCl na 90 ma 96% cnupta). 
_ PasyeneHwe MeveHDIX NpOLyKTOB Ha PpakHu OCylkecTBIAIOCb NyTeM oO- 
| paOoTKH BOJHbIX 9KCTPaKTOB KaTHOHHTOM KY-1 (cHbHOKNCJIbIH Cymbipoyroub). 
CneliuaibHOH mpoBepkoli OplwiIo ycTaHOBJeHO, 4YTO KaTHOHMT STO MapKH 
B CTATHYCCKHX YCIOBHAX acopOupyer mpakTHYeCKH BCe AMHHOKHCJIOTEI, OCTaB- 
(AA B PpacTBOpe Caxapa, OpraHHyecKHe KHCJOTHI Hu PociopHple SPupbl caxapoB 
[i opranuyeckux KucIOT. OHaKo cleqyerT UMeTb B BUY, ITO Nod WelicrBuem 
KaTuoHuta KY-1 caxapo3a 4acTHUHO PHpoMsyercA Ha PIOKO38y HM Caxaposy, 
a rsoKo30-l-cocdat oTWenIAeT MUHepasbubIi docdar. 

B HeKOTOPHIX CJIyYaAX UPHMeHAVICA CMAOOKUCJIbIM KAaPOOKCHJIbHBIH KaTHO- 
Hut KB-4. CoequHenua, ajlcopOupoBaHHble KaTHOHHTOM, 92IOHpoBanuch 6 N 
aMMHaKOM. 

Ugentud@ukalluaA MeYeHbIX MPOLYKTOB TIpOH3BOAMIaCb MeTOJOM XpoMmaTo- 
rpacdbuu Ha Oymare B coueTaHHH Cc pagnoaBTorpaduen. 

YcraHoBeHo, YTO IPH KOPOTKUX SKcTO3HWHAX (3—30 ceK.) mpakTH4ecKu 
BeCb YCBOCHHBIi OAaKTepHAMM MeUCHHIM yrviepod OKasbiBaeTCA BO Ppaklun, pac- 
TBOPHMOH B NoAKHCeHHOM cmupTe. IIpu Oonee AnuTeIbHbIX SKCNO3SHIMAX 
MpOWeHT CHUPTOPaCTBOPHMbIX MPOAYKTOB CHW KaeTCH, M NocMe 2-4acoBoH 9KCIO- 
3HIMH OaKTePpHaJIbHbIX Te B Me4eHOM yruieKucoTe coctaBaseT 70—80% pa- 
yMoakTuBHocTn cycneH3suu. B BofHbI pacTBop mepexoaT mpakTHyecKkH BCe 
CIMPTOPaCTBOPUMble MeYEHBIC MPOAYKThI, OOpasyloulMecH MPH yKa3aHHbIX BpILe 
aKcno3suuMax (95,5—97,0%). 

V3 ta6n1. 1 BuaHO, 4TO MPH MpOAOMKUTEIbHbIX SKCHOSHUMAX BOROPOAHbIX 
Oaxrepuit c NaHCO, @pakutua, cogep2Kalllad BelllecTBa, He aZcopOupyemble 
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Ta6auna 1 


PacnpegeseHve paxnoakTUBHOCTH NO (PpakuMAM Mocule O6paooTKH KaTHOHHTOM 
KY-1 BoqHoro SKcTpakTa H3 BOLOPOAHHIX OakTepHi MpH X€MOCHHTese B MPH- 
cytcTBHu NaHClOs 


SKcnosuuuA 6 MH. OKcno3sumuaA 2 yaca 
MMN/MHH Ha MMII/MHH Ha 
40 mr cyx. % K BOAH. 40 mr cyx. % K BOAH. 
BellecTBa pactTB. BellecTBa pacts. 
OaKkTepHii 6axTepuit 
BodHbIM 9KCTpakT 9100 100 62827 100 
@MpakuwuHA caxapos, op- 
TaHHueCKHX KHCJIOT H : 
tboctbopHEIx scupoB 2650 29,0 15500 24,7 
@MpakuWuA aMHHOKHCJOT 
(AMMHaUuHbIN SI0aT C q 
KaTHoHHTa KY-1) | 4050 445 36300 57,8 


KaTHOHHTOM KY-1, cocraBaser 25—30%, Tora KaK B @AMMHAYHOM 9uIIOaTe 
C KaTHOHUTa OOHapyxkuBaetcn 44,5—57,8% oOtleH paquoaKTHBHOCTH BOJHOTO 
9KCTpakTa. 

Heo6xofuMo OTMETHTb, UTO YaCTb PaWNOAKTHBHOCTH, COCTABJIAIOLLYIO BeJIH- 
uMHy nopaqka 18—26%, He ylaeTCH OOHapyXUTb NPH dIOWMH KaTMOHHTA 
aMMHakOM. Bo3MoxXHO, YTO HEKOTOPbIe BeWECTBA OCHOBHOFO XapakTepa He MOJI- 
HOCTbIO 91OupyloTca 6 N ammuakom. He ucksr04ueHa TaKXKe BO3MOXMHOCTh pa3- 
PylleHHA HEKOTOPHIX MeYeHBIX IPOLYKTOB B Nopax cyIbPocmMoubl, oOaLarollen 
CBOMCTBaMH CHJIbHOH KHCIOTHI (1°). 

IIpu xpomarorpadupoBaHHuu u paxuoaBTorpaduu dpakunu, cojepxalllek 
MeYeHbI€ MPONyKTbl, He alcopOupyembie KaTHOHHTOM, MeTKa OOHapyKuBaeTCA 
B 30HAX MOHO- H AndocdaTosB, caxapoB u docoriHWepuHOBOH KUCJIOTbI HW COB- 
mawaeT C pacnOsIOXKeHHEM MeCTUHKOB TIOKO3bI HX (PPyKTOS3bl; cua6bie paluoak- 
THBHbI€ IATHA MOXKHO TakxKe PassHuaTb B MeCTAaX PaCMOJORKeCHHA JMMOHHOH, 
AOMOUHOH HW AHTAPHOH KUCJOT. 

B 9u0aTe C KATHOHHTAa MOXKHO OOHAPyxKuTb JO 10 MeyeHbIX COeMMHeEHHI, 
B UNCC KOTOPbIX HaHJeHb! PIOTaMMHOBaA KMCIOTA, TIMKOKOJ, cbeHuaIaHHH 
H, BO3MOXHO, CepHH HW aslaHHH. 

YcTaHOBHTb CXOJCTBO WH pasM4ne (POTOCHHTeTHYeCKOFO WH X@MOCHHTeTH- 
yeckoro NyTeH yruiepojja B XHBOM OpfaHH3Me MOXHO IyTeM H3y4eHUA MpOLyK- 
TOB (pukcalluH COz B HHamMMKe HX OOpasoBaHHA. M3BecTHo, 4To mpH KpaTKO- 
BpeMeHHOM MOTOCHHTeTHYeCKONH (UKCalHH MeYeHOH yII€KHCJIOTbI 3HauHTeIb- 
Had 4aCTb paqnoOakTHBHOCTH OOHAPyXUBaeTCA BO (pak chocopHbIX 3PupoB, 
B YaCTHOCTH B (ocdormulepHHoOBOH KucsoTe (1%). 

Hamu Opa nocraBsleHa cepus JIBYMepHbIX XPpOMaTOrpaMM Cc pacTBOpHUTess- 
MH MeTaHOJI — aMMHaK — BOJa HW (eHO/, HaCbILeCHHbIM MypaBbHHOH KUCJOTOH, 
MO3BOJAIONLUMH YOBJICTBOPHTeIbHO OTCIHTb OONacTb CocopHbIX 3upoB OT 
OCTAJIbHbIX MeUeHbIX MpPOyKToB (12). 

Tlocae 3- u 15-cekyHXHOro XeMOCHHTe3a BOJOPOAHHIX OakTepul B cpese, co- 
Aep2KalleH MeveHy!0 Coqy, Ha JBYXMePHbIX XPOMaTOrPpaMMaX MOXKHO OOHapy- 
*KHTb PA], M€YEHBIX MPOLYKTOB, 10 KpaHHeH Mepe TPH H3 KOTOPHIX pacnowa- 
rawoTcA B OOmacTH docdopHEIx adupos. Ipu 15-cexyHaHo aKcnNO3HUMH MOXHO 
C MOCTATOUHOH OTYeTIMBOCTbIO PasMYNTb PalMoaKTHBHOCTb B palioHe cbocdho- 
TIMUePpHHOBOH KHCJIOTHI. OXHako HavOombilad UacTb paqMoaKTHBHbIX MATCH 
axe pH 3-ceKYHAHOH 9KCNOSHILMH, He TOBOPA y2Ke O Oovlee WIHTeIbHbIX 9KCHIO- 
suunax (15, 30 u 360 cek.), pacnojoxKeHa B ApyroM MecTe xpomaTorpamM, 
Ha 3HaUYMTCJIbHOM PaCCTOAHHHM OT PacnosOxKeHUuA PoccopHLlX SPpupoB caxapoB 
u (ocorsuWepHHOBOH KHCJIOTHI. 
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B wpyrol cucteme pactBoputeseli OyTaHon — yKcycHaa KHCNOTa — Boma 
M @eHOJI, HaCbIeHHbIt MypaBbuHO KMCJIOTOM, Tak 2%Ke KaK M B Mpelbiyuert 
\CHCTeMe paCTBOPHTeNeH, IPH KOPOTKHX SKCHO3HUMAX BOAOPOAHHIX OaKTepuli 
B MeY¥eHOH cose HaHOo/IbIlad pakHoaKTUBHOCTh OOHaPyXHBAaeTCA B 3HAUHTEMb- 
HOM ylaJIeHHH OT 3OHbI PacnosOXKeHHA chocPopHbix IPHpPoB. 

OjMH M3 STHX paHO OOpasylOUINXCA MeYeHBIX MPOYKTOB XCMOCHHTe3a HMeeT 

|OCHOBHbI€ TPyNNHPOBKH, TaK KaK OH OOHapyKuBaeTCA B AMMHAUHOM 9JVIOaTe 
co cia6oKHcuoro KaTHoHuTa KbB-4, agcopOupyrolllero OCHOBHbIe H YacTHUHO 
| HeHTpPaJIbHble AMHHOKHCJIOTEI. 
_ B pactrBoputene OyTaHom — yKcycHan Kucmora — Boma (4:1: 1) 9To Be- 
WlecTBO ABHraeTcaA able PeHHalaHHHa, NeHWuna u u30nehuuHAa. IIpu 3- u 
15-ceKyHAHbIX SKCNO3HWEAX STO MATHO mpescTaBsAeT CoOoM eMHCTBeEHHBIM Me- 
YeHbIM MpOyKT B SOaTe c KaTMOoHUTa KB-4. Ilo npomecrBuu 30 cek. noxB- 
JA€TCA PaMOaKTHBHOCTH B OOsacTH deHnanaHuHa. II]pu 2-yacoBok aKcnO3H- 
IMM MOXKHO Pa3JIMYHTb PauOakTMBHOCTh B OOacTH PeHHMAaIaHuHa U MekuHa 
Tora KaK NATHO HeH3BeECTHOrO PaHHero MeYeHOrO MpoLykTa OeqHeer. 

B To BpeMA, Kora HaMu Ob MOJTYYeHbI OCHOBHbIe PeSYJIbTaTbI 3TOH pabo- 
'Tbl, IOABHJIOCb BECbMa KOPOTKOe cooOuleHHe 06 uccmeqoBaHun (1%), aBTop KO- 
Toporo mpu skcno3uuHAx B COs B TeveHue 5—15 cek. raBHY!O YacTb pauo- 

aKTHBHOCTH OOHapyxXKuJ B coctaTax caxapoB WH HeMHOrOo — B AOO4HOH KUC- 
Jiote. Ha ocHoBaHuu CBOHX JaHHbIX aBTOP JemaeT BbIBOL O elicTBUM B BOAOpOL- 
HbIX OAKTePHAX M€XAHN3Ma accuMusAUMM COz, MoLOOHOrO —poTOCHHTeETHYECKOMY. 

Takylo *Ke TouKy 3peHua BpICKasbiBarloT Max-®ayyen u ATKuHCoH (74) Ha 
OCHOBaHHH KOCBeHHbIX JaHHbIX, MOJIYYeCHHbIX MPH H3yYYeHHU BJIMAHHA MHTHOU- 
TOpOB Ha aBToTpodHy10 duKcaliuio COz BoLopoAHbimu OakTepusaMnH. 

WHCJI€E MeCYeHbIX PaHHHX MpoyKToB xemocuHTesa Hydrogenomonas fa- 
cilis B mocmeqHee BpemaA OOHaPy2KeHbI MypaBbuHad uM ykKCyCcHasd KuCsOTEI (?°). 

Ha ocHOBaHHM NOJyYeHHbIX HaMH JlaHHbIX MOXKHO MIpeANOOXKUTb, YTO NO- 
MHMO IIYTH yrviepodja, aHaslorM4unoro toTocuHTeTH¥ecKoMy — Yepes pHOyvIO- 
30qudochat u dociorsMWepHHOBy!0 KHCJIOTY, B BOJOPOMHHIX OakTepHAX Cylile- 
(CTBYe€T H, BePOATHO, MPH OMNpeeeHHbIX YCJIOBHAX NMpeoOlagqaer MHOH MYTb, 
‘CBA3aHHbIM C PAaHHHM OOPa30BaHHeM BeLeCTB OCHOBHOrO xXapakTepa. 


| 


VuctutyT Ovoxumun um. A. H. Baxa Ilocrynuso 
AxkayemuH HayK CCCP 18 VI 1959 


| LWMTMPOBAHHAS JIMTEPATYPA 


1A. B. Jle6e eB, Uccneqopanue xemocuutesa y Bacillus Hydrogenes, Ogecca, 1910. 
2B. H. Wanomuukos, HM3s. AH CCCP, cep. 6non., 6 (1957), % A. Schatz, 
Om sOny rey ulee mbaclenOlig 16a mpoue (O02). = lee Ge, Mem bralays sheer cokaiomuees 
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ly er, A.Manten, Antonie van Leeuwenhoek, 8, 71 (1942). ®° A.Schatz,H.D.I sen- 
lberg, G.S.Trelawney, Bacteriol. Proc., 88 (1953). °®M. II. BeaaesBa, Ousuo- 
|OPHA HW SKOJOPHA BOMOpoOMHbIX GaxTepuH, Jot. mucceptauna, Ka3anb, 1950. 19 O. Camy- 
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Jloxxann AKkagemun nayk CCCP 
1959. Tom 128, Ne 5 


@PH3HONOTHA PACTEHHH © 


0. K. JOBPOJIKOBCKHMK 
MUKPOIJIEMEHT PTYTb KAK ®AKTOP BO3JEMCTBHA 


HA PACTHTEJIbHbIE OPrFAHH3MbI 


(IIpedcmaenexo akademuxom A. JI. Kypcanosem 19 IV 1959) 


Cpequ TeCATKOB MHKPO3JIEMeEHTOB MepHOAHYeCKOH CHCTeMbI SJIEMEHTOB JO 
HaCTOMIero BPeCMCFH JIHIIb He3HauMTeIbHOe YHCMO HAXOLUT ceOe MpakTHYeECKOe + 
npumenenue. Metog anaoruu, CTOb Wupoko mpumeHaBunica JI. MW. Menge- 
JIC@BLIM, MOXKET ObITb HCHOb3OBAH MPH NOMbITKAX OObACHHTb WeHcTBHe MHKPO- 
9JIEMCHTOB, CTOAIHX B OMHHX NOArpymmax mepHoyuyeckoH cuctembl. B yacr- 
HOCTH, 9TO OTHOCHTCA K S1eMeHTaM noOouHOH nosrpynnst II rpynne Zn, Cd 
u Hg. Sru anemMeHTbI OOsaaioT CXOHbIM CTPOCHHEM BHEIUHHX 3JICKTPOHHbIX 


o6ooyeK, T. €. OMHAKOBBIM YHCJIOM JeKTPOHOB (18 u 2) Ha AByX NoceqHHX | 


9HEPPeTHYCCKUX YPOBHAX, OTMHYAACb NO CBOe€MY CTPOCHHIO JIHIb Ha OHH 3JICKT- 
POHHbili cn c cooTBeTcTBeHHO 18, 18 u 32 s7eKTpoHamu (MOpsAyKoBbIe HOMepa 30, 
48 u 80). STo HeCOMHeHHO JOJDXKHO BbI3BATb HEKOTOPbl€ AHaJIOTHYHbIe YePTHI 
B BO3JeHCTBHH COCAHHCHHH yKa8aHHbIX XHMHUCCKUX WICMCHTOB Ha OPraHH3MBl, 


XOTA B TO *Ke BPCMA BJIMAHHE Ka&KAOTO W383 HAX ABJIAETCH CTPOTO cnelucpuYHbIM. | 


C HapacTaHHeM NMOpAKOBOrO HOMepa B Mpesemax NMOArpynnbi yBeIHuMBaeTCA 
TOKCHYHOCTh—OT IWHHKa K KaJ{MHIO H OT MocseqHero K PTYTH, a HX MPOWeHTHOe 
coflep*kaHHe B OpraHu3me yMeHbilaeTca. Menee ToKcuyHbIH Zn codepxKuTcA 
B pacTeHHAX B KOHYecTBe 3- 104%, Gomee TOKCHUHBIH Cd 10°°%, a camp 
TOKCHYHBIN Q/eMeHT STO Nosrpynupr Hg ~10°7%. B opraHu3max 2KMBOTHBIX 
WM YeNOBeKa 3TH KOMMYECTBa COOTBeETCTBEHHO cocTaBsaioT 107°, 1074 wu 107°%. 
Takue JaHHblIe Koppemupyiotes (1) uw coxepxaHuem Zn, Cd wu Hg B nouBax: 
5 - 107%, 5-10°° w n-10°°%. Tpaxruyecku TobKO MUKpo3emMeHT Zn MCNOsIb= 
3yeTCA B 3HAYHTEIbHOH Mepe JIA MMTaHHA PaCTHTeIbHbIX H KMBOTHBIX Opra- 
HH3MOB, O POJIH MHKposueMeHTa Cd B 3TOM OTHOLIE€HHH M3BECTHO OUeCHb MaJIO, 
H JIMUb HeaBHO MbI MOKa3aJIM BO3MOXKHOCTb eFO 3aMeTHOFO MOJOXKUTEMbHOTO 
BOSZeHCTBUA Ha PaCTHTeJIbHbIe OPraHusMpl (*). CoequHeHud Ke pTyTH B pacTe- 
HHeBOcTBe JO CHX Op He MPHMeHAICb. 

[Ipofomkaa ucceqOBaHHA BJIMAHUA MaJIOM3YYCHHIX MHKPO3JICEMeHTOB Ha 
HeKOTOPbIe PaCTHTeJIbHbIe OPraHH3MbI MO MeTOZaM, OMHCaHHBIM paHee (3), MBI 
ucmbitain B 1958 r. LelicTBue coetuHeHuli Hg?+ na Bunorpagd. Onpire! ObwIM 0- 
CTaBJICHbI B y¥eOHOM xo3xAlicTBe OjeccKoro CcebCKOXO3AHCTBEHHOFO HHCTHTYTA 
«GepBonuli XyTop», rye Oblio TBaxKAbI MpousBedeHo onpLIcKHBaHHe BUHOrpasa 
copra Anurote pactsopama HgSO,— 8 Hayane maccoporo WBeTeHHA pacTeHHit 


j 


M Yepe3 3 HeemH nocne storo. KoHTpOJbHbIe KYCTHI ONPbICKHBAaJIMCb B Te Ke | 


cpoku Bofon. Bee onpirsi OblIM NOCTaBJeHbI B 4 MOBTOPHOCTAX. 

B To spema Kak ZnSO, u CdSO, npexcrapsator co6oli Xopollio pacrBOpHMBIe 
B Bowe cou, HgSO, masio pactBopuma (0,06 r ua 100 r Bogni). Tipu nposeyzennu 
aHaJIOrHH B BO3eHCTBUM YyKa3aHHbIX MUKPO3JIEMCHTOB XOTeJIOCb HCKJIIOUHT 
POJIb HHOFO aHWOHa HM 3TO OKa3aJIOCb BO3MOXKHBIM OlarofapaA HeOOXOAMMOCTH 
HCNOJIb3OBaTb OUCHb pasOaBeHHbIe pacTBoppi comm Hg?+. Ja onppickuBa- 
HHA mpuMeHsca 8,4 - 10 *-monspuHplt pacrsop HgSO,. Ha xycr punorpasa 
yxoquio B cpeqHem 5- 10° r comn. 

Or6op cpeqHux mpo6 (He MeHee, em c 50 KycTos) Obl mpousBeyeH 19 1X 
3a HeCKOJbKO JHelt Ao cOopa ypoxaa. Bec 100 arom mpu 9Tom noBBIcHcA ¢ 
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101,2 no 136,2 r (no cpaBHeHuto c KOHTpowem), coyep2xkaHue caxapa BO3pocJo 
re 15,25 qo 18,3%, a KucmoTHocTb sro CHU38HIacb c 12,95 no 9,6 r/n No BUHHOL 
iKucmoTe. HaOmofanocb ycKopeHue cospeBaHua BHHOrpayla, KOTOPoOe BbIpasu- 
ocb B yBeJIMYeHHH ero rOkOalusMMerpHyeckoro moKasaTea c 1,28 no 1,90. 

Ilofo6Hoe nosox*KuTeIbHOe BO3IelicTBHe MHKposviemMeHta Hg moxker ObITb 
DObACHEHO BOSMO2%KHOCTbIO aKTHBHOTO yuacTus COOTBETCTBYIONIUX COeCMHeEHHI 
B Pa3JIMUFbIX OKHCIMTCIbHO-BOCCTAHOBHTCIbHBIX PeaKUHAX, MPOTeKAIOUIUx 
O cxeme: 


2Hg"+ 26=2Hg; —0,95 p 


OTo mpesonpewenser H3MeCHeCHHA BarkKHelilero MOKasaTeA — OKHCJIUTEIb- 
HO-BOCCTAHOBHTeCJIbHOrO MoTeHWHala TKaHeH. SHaueHune EA cucTemMbl ABJIAeTCA 
ibyHKUMeH OKHCJICHHOH H BOCCTaHOBJIeHHOM dopMbl AaHHoro BeulectBa. Kax 
BUHO U3 JaHHbIx Tad. 1, B NepHog, NpesmecTByIoOWINii TexHuyecKo 3penocTu 


Ta6auua 1 


HBJIMAHHe = MHKpoamemexta Hg Ha OKMCAMTCJbHO-BOCCTAHOBUTeJbHbIM moTenuMan (Eh), 
OKHCJHTCJIbHO-BOCCTAHOBUTeJIbHbIM oKagaTemb (rH) um 3HaueHve pH w«uctbep u aroy 
BUHOrpaga 


Eh, B rH pH 


KOHTPOJIb HgSO, KOHTPOJIb HgSO, KOHTPOJIb HgsSoO, 


VIucras Gy I 0,583 ORGS 29102, 28,03 4,74 4,48 
WIuctpa 29 1X Wood 0,587 28,21 29,86 4,95 4,81 
fArompr 419 IX 0,849 0,835 ah) 0)33 36,31 368: 3,76 


jTOA, MHrpalua wuoHoB Hg” 3amerHo cHu3usa 3HaueHue EA muctbes (5 IX). 
pesyJIbTaTe 3TOTO MO3Hee OTMeUaIOCb CHH2KeHHe 3HaeHUA EA B ATOMax,OHako 
MeHbileH cremeHu. Takum 06pa30M, YMeHbINeHHe MOJIOKUTeIbHOTO 3HayVeHUA 
KMCJIMTEJIbHO-BOCCTAHOBHTeJIbHOrO MOTeHWMasa CHCTeMbI NpHBeIO K yBemHue- 
{HHIO KOHILCHTPallMH Pa3/IMYHbIX BOCCTAHOBJICHHBIX (POPM B KJIeTKaX HW K YMCHb- 
Ie€HHIO KOHUeHTPpalHH OKHCJICHHbIX (opM. 

M3meneHua 3HaueHua EA TecHo CBA3aHbI C H3MCHEHHAMH CKOPOcTeH ompe- 
UIeICHHbIX OKHCJIMTCJIbHO-BOCCTAHOBHTEJIbHBIX PeakKIMH HW 3aBHCAT OT MHOTHX 
a —MOHHOH CuJIbl pacTBOpa, MpHCyTCTBUA KOMMIeKCOOOpa3yIOWwNx 
ipelllecTB, 3HaueHua PH u 7. 4. B uacruocru, xapakTepHo, YTO MUKPOSJIEMEHT HO- 
BOJIbHO pe3Ko CHuKasI 3HaveHHe PH B JIHCTbAX, NOBbIMAJI STO 3HAaYeHHe B ATOMax 
\(TlocmemHee CBA3AHO C OTMCYCHHDIM BbILIe CHH2KCHHEM THTPyeMOH KMCJOTHOCTH 
arog). K MomeuTy xe cOopa ypoxaa (29 1X) B mucTbax HaOwOJaeTCA, HaO6o- 
[por, pocr 3HayeHua Eh, cBA3aHHbIM C OTTOKOM OMpeeJICHHBIX BellecTB B ATOJEI. 

B kKjeTouHbIx TpolleccaX KUHCJOPOAHO-BOLOPOAHOe PaBHOBeCHe MOKEeT ObITb 
loXapakTepu30BaHO OKMCJIMTEbHO-BOCCTAHOBMTEJIDHbIM NOKasaTeJeM 


rH = Eh/0,029 + 2pH. 


Uem meubiue 3HaueHHue rH, Tem Goble BOCCTaHOBUTeIbHaA CNOCOOHOCTb 
aHHoro pactsopa. Kak BHAHO H3 TaOl. 1, Makposzement Hg mao Bana 
Ha 3HaueHue TH y sro, 3aTO BHaYase 3aMeTHO CHHXKaJ, a NOTOM yBeJIMUMBAII 
TO B JIHCTbAX, YTO CBUJeTeIbCTBYe€T O POCTE OKHCJIMTeEIbHOH cmocoOHocTH 
MOC HUX. 
Bce 9TO TeCHO CBA3aHO C (OTOCHHTeTHYeCKOH JCATCJIbHOCTbIO JIMCTbEB, 
pefctapiaomlel coOoll Takxe OKHCJIMTEbHO-BOCCTAHOBUTEIbHbIM Tpolecc. 
B waumx ompirax cowepKaHue xsopodusia B IMCTbAX NO BO3KeHCTBHEM CO- 
uHeHua Hg?+ pospocsio Ha 51 X c 248 fo 271 mr na 1001 no cpaBHeHHld C KCHT- 
osleM. XOTA B aJIbHeHWem coslepxKaHue XMOpodua CHU3HIOCb, OJHAKO B 3Ha- 
UTCJIbHO MCHbINel cTeneHH, YeEM B KOHTPOvIe, a UMeHHO (Ha 29 IX) yo 148 u 
218 Mr, COOTBETCTBEHHO. 
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BecbMa BaxKHO BuIMAHMe (bepMeHTa KaTaJla3bl Ha AKTHBHPOBaHHe OKHCJIM- 
T@JIbHO-BOCCTAHOBUTeIbHOrO mpomecca 2H2xO2—-2H20 + Os. Ha pa3sMuHblx 
9Tamax BereTalluH MuKpooemMeHT Hg noppilllasI AKTHBHOCTb KaTaJla3bl B JIMCTb- 
ax —c 2,41 go 2,91 (5 IX) uc 1,72 go 1,80 ma 0,1 N HeOs (29 IX). B srozax. 
aKTHBHOCTb (bepMeHta Oplvia HWKe, OMHAKO M OHA Bospocuia Cc 0,59 Jo 0,91. 


Tao wna 2 


Bausuue mukposnementa Hg Ha akTHBHOCTb aCKOpOHHOKCHAasbl, MOM PeHONOKCHa3bl W 
MepOKcHa3bl B AHCTbAX HM srowax BUHOrpaga (B MP OKHCMeCHHOH aCKOPOMHOBOH KUCOTHI 
Ha 1 rf TKaHH) 


Ackop6uHOKcHAasa TlonudenonoKcufasa Ilepokcufa3a 


pH 5 | DE i, pH 5 pH 7,5 pH 5 | pH Te 


Mime amiss. 4, WALI 
KouTposb 3250 24,0 | 44,3 | 60,5 | — | — 
HgSO, | 38,4 


Vile Geren oe exe 


Koutpoap 30,0 PANO DD | 54,6 ie | 66 ,4 
HgSO, SL 2 30,0 20,8 97,2 68e2 85,2 
JIuctba 29 IX 
KouTpoub 20,8 20,8 | A258 B22 | 32,8 | D4 6 
HgSO, LD) DD | UE DP 20,6 42,8 4D D 82g 
Aron 19 1X 
KourTpoup 8,6 8,7 ANT 29,4 9,7 0350 
HgSO, 13,0 june 23,6 36,8 36,9 74,7 


H3MeHeHHA HalpaBJICHHOCTH OKHCJIHTeCJIbHO-BOCCTAHOBHTCJIbHBIX mpollec- 
COB B JIMCTbAX M APOMaxX BHHOrpaya, cnocoOcTBylollue syUWeMy CO3peBaHHtO, 
BHAHbI Ha NpHMepe H3MeCHeEHHA AKTMBHOCTH aCKOPOHHOKCHa3bl, MOMMPeHOIOK- 
Cua3bl MH mepoKcnfaspl (cM. Ta6. 2). Iloq BauaHHemM MuKpOSeMeHTa Hg aK- 


AP EV ONemices 


Bavanne mukpossementa Hg Ha cozepmxanne caxapa u caxapo3bl (B %) M Ha 
AaKTHEHCCTb MHEeEpTasbl (B Mr%) B MHCTEAX M ATOMAaX BUHOrpaya 


MnpepTuplt AKTHBHOCTb 


O6uyul caxap caxap Caxapos3a WHBepTAa3bl 
JIuctTba 5 IX 
KouTpouib 2 88 Dall | OL as 446 ,0 
HgSO, 3, 60 1,66 Noe | 486,41 
JIuctba 29 IX 
Koutpomb | 2,60 | devon | 4,26 048, 5 
HgSO, 2,89 eG, 1,64 | 570 ,6 
Clits Ont Dino lex. 
KoutTpoup ese: DONS 0 LeU eas 
HgSO, | 16 ,0 16,0 | 0 088 ,3 


THBHOCTb 3THX OKHCJIMTEJIbHO-BOCCTAHOBHTCJIbHBIX (PEPMeCHTOB (3a HCKJIIOUCHHeM 
ABYX CydaeB IIa NowHpenomoKcnAaspl upu pH 5) wa pasM4HEx sTanax Bere- 
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raul MOA epKuBaslacb Ha Ooslee BbICOKOM yPOBHe H COxpaHsAach B TeYeHHe 
Joee JVIMTeIbHOTO BPeMeHH MO CpaBHeHHIO C KOHTPoseM. OcoGeHHO 3aMeTHO 
IOJIOMKUTEMbHOe BO3EHCTBHE MHKPOSJIEMeHTa Ha AKTHBHOCTb aCKOpOMHOKCHla- 
sbI HM MePOKCHAasbl B KHCIOH cpese. 

Muxposement Hg w3MeHseT TakxKe XapakTep yrueBofqHoro oOMeHa. OH 
cmocoOcTByeT pocTy coJepxKaHHA CcaxapoB B JIMCTbAX, MpHyeM yBeuMYeHHeE 
AeT 3a CueT Caxaposbl (Tab. 3). B arofax NoBbIlaeTCA KOJIMYeCTBO OOLIero Cca- 
Xapa, MpeACTAaBJIAIOWerO NOJIHOCTbIO HHBePTHbIH, T. €. B ATOMax BCA Caxapo3a 
IpeBpallaetcA B TvIIOKO3y H PpyKTOsy. 

Takoe mpeBpallleHue Ccaxapo3bl B 3HaYHTebHOH Mepe 3aBHCHT OT aKTHB- 
HOCTH HHBepTa3bl. ONTHMYM ee exKUT MpHMepHo mpH PH 4,5, T. e. Onu30K & 
HaOOAaBWIeMYCA B HaluwXx ombiTax. Kak BUAHO 43 TAO. 3, AKTHBHOCTb HHBep- 
fa3bl NO BJIMAHHEM MHKPOIIEMeEHTA 34MeCTHO YBeJIMUHBAeTCA B JIMCTbAX MU eLLe 
Jolee B Aroax. 


OjneccKul CelbCKOXO3ACTBEHHBIM Tlocrynu.o 


UMTHPOBAHHAH JIMTEPATYPA 


1A. Tl Bunorpagos, Teoxumuna peqkux M paccedAHHbIX XWHMHYCCKHX 9JICEMCHTOB 
3 moupax, Usa. AH CCCP, 1957. 20. K. Ho6ponw6ckuilh, A. B.C aaseBso, JAH, 
118, Ne 5 (1958); Caquoropog, Ne6(1958). ?O.K.Lob6poawb6cKkul, A.B. Cn asso, 
YAH, 112, Ne 2 (1957); Ousvonorua pactenunli, 5, Ne 2 (1958). 
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Jlokxagn AkaweMun Hayk Cece 
1959. Tom 128, N 5 


bH3HOOLHA PACTEHHH 


A. B. XOTAHOBHY u H. A. BAMJAJIMHA . 


JEACTBUME FMBBEPEJIJIAMHOBOM KUCJIOTbI HA POCT 
H AHATOMO®H3NHOJIOTHUECKHE OCOBEHHOCTH 
Y HEKOTOPbIX J[PEBECHbIX PACTEHHH 


(ITpedcmaeaeno axademuxom A. JI. Kypcanosom 26 VI 1959) 


B wactTosllee BpeMA HMeCTCA OOJIbINOe KOJIHMYECTBO SKCHEPHMEHTAJIbHBIX Pa- 
6oT, NOCBAULCHHbIX H3y4eHHIO WeHcTBHA ruOOepe/IMHOBOM KUCJIOTbI Ha pacTe-- 
Hua (1). OqHako 9TH PaOOTLI MPOBOAMMCh PlaBHbIM OOPpasoM C TPpaBAHHCTbIMH 
pacteHusamu (7). Mmetoulwecd HeEMHOrOYHCJIeCHHbIe PaOOTh! MO APeBeCHbIM pacTe- 
HHAM OTHOCATCA HJIM K TIOXOBbIM (*), HM K NOpOdaM, MpouspacTarouluM B yCcJIO- 
BUAX CPaBHHTeJIbHO MAKOTO KIMMaTa, KaK, HalpuMmep, 9BKasunT (4) *. 

B nawleli padore u3y¥alacb peakIMA JIECHbIX ApeBeCHbIX NOpoy Ha rHO6e- 
peMMHOByIO KuCJOTy. OdSbektamu cityKuH Populus tristis Fisch., Populus: 
leningradensis (P. canadensis X suaveolens), Pinus silvestris, Quercus! 
robur, Pheolodendron amurense Rupr., Acer platanoides, Catalpa sp. 

TloqonpirHble pacreHHA MpOU3pacTaH B CeeKIMOHHOM MMTOMHUKe Kadelphi 
euiposoruu JlecorexHuyeckoH akajemun. 

Bolupii pacrBop ruO6epeIMHOBOH KHCJIOTHI C OOaBKOH He3HauHTebHOrO! 
KOJIMYeCTBa MOBEPXHOCTHO-aKTHBHOrO BelllectBa OII-7 (0,05%) nanocuaca no! 
oHOH Kanse (0,03 ma) Ha BepxyIeuHy!O TOUKY pocta TonomeH (oHomeTHHeS 
mo6erH H3 YepeHKOB), KaTaJIblbl H KIeHa. OHOMeETHHE CeCAHUBI COCHHI, AyOa u 
OapXxaTa AMYPCKOTO OMPbICKMBAaJIHCb H3 NyJbBepusaTopa. OnbiTh! Obl HauaTbI: 
tS VEIGI9S8s re 

IIpuMeHsucb Be KOHUeHTpalluM pacTrBopa rHu66epenMHOBOH KHCJIOTHI: 
200 u 100 mr/a. YnorpeOneHue cpaBHUTebHO BbICOKHX KOHIMeHTpalluii pacTBo-: 
poB lIpemapata OOyCOBMBaOCh HeOaTOMPUATHBIMH MeTeOPOJIOTHYeCKUMH yC- 
JIOBHAMH — JJIMTeJIbHBIMH JO%KAAMu (CMbIBAHHe) H OTHOCHTebHO HH3KOH TeM- 
mepaTypoH Bo3sqyxa (cpeqHAS CyTouHaA TemnepatTypa oKoo 12°, MMHUMaJIb- 
Haa 5°). [py ausKux Temnepatypax 2pdbekTuBHOcTh ruOGepenMHOBOM KHCJIOTHI 
yMeHbuuaetca (°). Marounpiit pacrsop ru66epemiuHOBOli KHCOTbI TOTOBHJCA 
Ha 95% sTaHOJIe B TaKOM KOJIMYeECTBe, YTOOKI B paGoyeM PacTBOpe KOHIMeHTPa- 
ua CluMpTa He Mmpespimana 1%. Pacrenun oOpaOaTerBanuch ruO6epemMHOBOn 
KUCJOTOH KaxKpie 4 THA, Bcero 7 pa3 3a Becb cesoH. Karkgpie 4 HA MpPOU3BO- 
JMJIOCb TaKKe H3MepeHHe BBICOTHI pacTeHnii. 

SaMeTHOe y/WIMHEHHe BBICOTHI ONBITHBIX PaCTeHHli PaHblile Bcero MIPOHSOLWIC, 
y ruOpuAvoro Opicrpopactyulero Tonoma meHunrpaycKoro. Yxe nocie 3-KpaT- 
HOH OOpaOoTKH CyTOUHbIH MpHpoOcT B BBICOTY OMbITHLIX PaCTeHHH MOUTH BBOE 
(IpeBblIWasl MPHPOCT KOHTPOJIbHbIX PacTeHHH uw cocTaBAAT oKoNO0 1,6—2 cm. 
Peskoe yBeMueHwe mpHpocta B BbIcoTy y P. tristis Hacrynui0 AHI nocaeé 
5-KpaTHOH OOpaOorKu pactTeHul ruO6epemmMHOBOl KUCHOTOM, T. e. MpHmMepHd 
Ha 8—10 AHeli nosxKe, uem y P. leningradensis. B pesyaprate oKa3asocb, 4T¢ 
a0coJIIOTHaA BeIH4HHa MpHpocToB y OOONX BUAOB TONONeH Oblma OMHAKOBOH' 
OAHAKO OTHOCHTCJIbHO KOHTPOJIbHBIX PaCTeHHH MpupocT Obldl SHAYNTCJIbHO BILE 
y MejleHHopactyufero P. tristis. Iro MoKa3prBaer, UTO Gomee CusIbHAaA peakilus 
Ha rMOOepeWIMH Mpucyla MeAeHHOpacTyllMM pacTeHuaM. | 


1 


, 

s ‘ 5 
; B paoote (44) 6pIm0 ucnbIraHo jelictBue ruOG6epeqMHOBO KUCHOTH Ha pay pacre, 
HHH, B TOM THCJl€ H HEKOTOPBIe MPeBeCHbIe, HO Pesy/IbTAaTI AaHbl B OYeHb OOULell (bopMe, TOMb 
KO B CBOJHOH TaOmnue. 
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B kone aprycra, T. €. cmycta 1,5 mec. nocne Havana OOpa6oTKu pacTreHuit 
“OOepeJJIMHOBOH KuCJIOTOH, B CpeHel YaCTH BEPXYILNeYHBIX JIMCTbeEB GOMbIIMH- 
TBa pacteHul P. leningradensis HaOmoanocb novepHeHuve. B JanbHeiuem 
louepHeHHe PacCIpocTpaHANIOCb Ha BCIO JIMCTOBYIO MwaCTHHKy, a 3aTeM HW Ha 
3epxylueyHbie NoUKH. IlofoOHoe aABeHue BHAYae OblIO OTMEYCHO TOKO y TO- 
101A JIGHHHIpaslcKoro, a B Oosee NO3MHHE CPOKH HM Y HECKOJIbKHUX 9K3EMIMIAPOB 
P. tristis. Ilo-Buqumomy, MMeHHO 93TO 
OOcTOATeIbCTBO H Mpesonpesemuso co- 
OoH OTHOCHTeIbHO cuIaObld KOHeUHbIM 
IIpHPOCcrT OMbITHHIX pacreHult P. leningra- 
‘densis. JlaHHbie o cpefHelt BbICOTe pa- 
Ewe creHuli (10-KpaTHad MNOBTOpHOCTb) Ha 


acOnienita 


TelictBue ru6OepenmMHOBOH KUCOTHI Ha 
pHpoct B spicoty y P. tristis u 
P. leningradensis 


& DicoTes pacngn Pos ee SAP 1 O5e8nN ipBetenne Beraon. «1: 
yaa XapakrepHo, uTo JelicrBue rn66e- 
Bapuaut are pee PeJIMHOBOH KUCJIOTHI CkasbiBaeTcCH Ha 
1958 r. IIpHPOCcT BCeX OMbITHBIX PaCTeHHH BIVIOTb 
JO OC€EHHHX 3aMOpoO3KoOB. B sToT nepHor 
HaOsl0fasocb =©iaibHeliee, mpaBya, 
P. trislis OueHb cula6oe, yanuHenue cre6a. To- 
XOHTPOJIb 49,2 54 ,4 WoOHoe ABIeHHe HaOsmOfaloch uy 
JTBIT 59,0 | 105, 4 Tpas (°). 

P. leningradensis YBeINUeHHe JIMHBI CTeOeH TONONeH , 
kouTponb 474 | 78,4 a TakKe H Apyrux pacreHuH B HallHx 
MBIT 42,8 93,4 ONbITAX ONPeAeIANIOCb YBeJMYeHHEM 

JWIMHbI Mexoy3iuu. KosMuecTBo y3JI0B 
Ii JIMCTbeB Ha PaCTCHHAX B OMbITHBIX MH KOHTPOJIbHbIX BapHaHTax OCTABaJIOCb 


H€H3MeCHHBIM. B cBa3v C STHM ObIM MpOBeeHbI AHATOMMYeCKHE UCCIeELOBaHUs 
JIA YCTAHOBJICHHA TPHYHH yBeIMYeHHA JVIMHbI MeKLOYy3IuUH HU BIMAHHA THO- 
DepeIMHOBOH KHCJIOTHI Ha OOPasoBaHHe BTOPHYHOH ApeBpecuupl. Jaa uccwelo- 
BaHusA Opamucb no 3 cpeqHHX No JWIMHe u JMaMeTpy MexKJoy31uA (ATOe cBepxy) 
[ KOHTPOJIbHbIX HW OMBITHBIX pacTeHuH. CpeqHue pesyibTaTbl H3MepeHHH MmpH- 
BeMeHbI B TAO. 2. 


a Ovarian 


| 


smenenne BEJIMYMHbI AHATOMHYCCKHX 9SJIEMCHTOB BTOPHYHOM peBeCHHbI ToNomen nox 
| BIIMAHHeEM THOOepeMIMHOBOH KHCJOTHI 


| P. tristis P. leningradensis 


KOHTPOJIb ONbIT 


KOHTPOJIb OMbIT 


Unco KieTOK No AuMHE Mex0y3NA 1214 174 82 105 
[lnuna BonokHa JMOpudopma, MM 0,38 0,43 0,56 0,64 
(TommuHa OGoN0ueK BONOKOH mAMOpudopma, vw 1,86 133 Dy. Jap 1,88 
[uametp mpocBeToB mH6pudopma, p 12,0 13,6 ile OY ADT 
WMaMeTp MpocBeTOB COcyAOB, p» 60,5 70,8 58,5 67,3 


V3 npupeleHHbix JaHHbIx culeyeT, YTO BO BTOPHYHOK ApeBecuHe Mpoucxo- 
ut He TOMbKO yBeMYeHHe JVIMHbI KIeTOK, HO WM YBeIMYMBaeTCH MX YHCIO. 
PH 2TOM M3MeHAeTCA MH CTPyKTypa ApeBecuHbl. YMeHbllaerca TOMUMHA O6o- 
fouek KyleToK, npuuem y P. tristis sro mposBanetrca Somee pesKo, yem y P. le- 
hingradensis. YBenmunpaetcA AuaMeTp MpOCBeTOB Kak B BOJIOKHAX JHOpudopma, 
fak u B cocyfax. IIpu u3mepeHuu YHCa PANOB KETOK B PakMabHOM HampaB- 
CHHH Ha MOMepeyHbIX Cpesax TeX 2Ke MeX*KJOy3MH OKA3ZaIOCb, YTO KOJIMYCCTBO 
}akux pxzoB Ha | MM mpupocta B TOJIMMHY Y KOHTPOJIbHBbIX SK3CMIWIAPOB He- 
KOJIbKO Hue (59 psoB), eM y OMBITHBIX (63 psa). CrumyJMpoBaHue pasBu- 
4A JOIMbI Y OMBITHBIX pacTeHuli TOMOeH He OTMeYeHO. OTH WaHHble He Mpo- 
JMBOpPeuaT pe3ybTATaM AHaJIOPHUHEIX u3MepeHHli B moGerax mepcuKa (*) u yKa- 
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3LIBalOT Ha TO, ¥TO JelicrBHe rHOGepeiIMHa Ha MIpHpOcT ApeBeCHHbl CBA3SaH 
He TOJIbKO C paspacTaHHeM CaMHX KJIeTOK (KaK B WIMpHHy, Tak H, oco6eHHo, 
B JWIMHy), HO M C MHTeHCHHKAalMeH KeCTOUHDIX AevleHHH. 

B uaieit paOore OpiIM MOCTaBJIeHbl TaKXKE OMbITHI NO BbIABJICHHIO 3aBHCH™ 
MOCTH M@XKLy PpOcCTOM pacTeHuli B BbICOTY H HaKONJIeHHeM MMH CyXOH H CBIPOH | 
maccpi. C 3TOli WesbIO OHOMeTHue CeaHubI Gapxata amypcKoro (Phelodendron | 
amurens), B KommuyectBe 100 9K3eMMJIAPOB B KaXKJOM BapHaHTe, BbIKAIIbIBaJIHCb 
u3 TpyHTa C MOCMeLyIOWIMM M3MepeHHeM BbICOTHI H BeCa Ha3eMHOH H NOASEM™” | 
HOH uacTeli pacreHul; KpoMe TOrO, OMpefleANACb UX B/axKHOCTS (ra61. 3). | 


Ta6dauta 3 


Bausuue o6pa6oTKu ru66epesmuHoBoh KuctoToH (200 mr/a) Ha H3MeHeHHe BBICOTI, 
BulaxKHOCTH, CbIporo uM cyxoro Beca y Phelodendron amurense 
(maHHble Ha 100 pactTenui) 


Bec pactTeHui, r BaaxHOCTb, % 
Bapuant Cpequna cbipoki cyxou | 
Haji3eMH. | 

aa BBICOTA, CM | cex | HamsemH. .| Bcex | HagsemuH. e uact, |KopHelt 

pact, uact. HSNO EOI Ss oevere Tacn, 9 sobueU 

| 

KouTpoub 6,7 36,1 PIPERS) 13,6 | 8,6 Ged. 250 72,9 | 81,6 

Onbir 42.2 36,1 24,8 A ey ee) 652 Aa 79,0 85,0 


V3 ra6. 3 caelyeT, YTO HaKOMJICHHe PaCTHTeJIbHOH MACCHI y ONbITHbIX Pa- 
cTeHuli OapXaTa aMypCKOro MpOuCXOAUT MeHee HHTCHCHBHO, YM B KOHTPOJIbHOM } 
BapHaHTe, IIpHyem ecuIM CyXOH Bec HaJ3eMHOM YaCTH MpaKTHYeCKH He HMEETCA, - 
TO YOblIb B BECe KOPHEBOM CHCTeMbI 3HAUHTeIbHa; CbIPOM BeC KOPHeH OMBITHBIX « 
pacrenuli yMeHbuuaerca Ha 17%, a cyxolt Ha 32%, T. e. B MocmeqHeM cuyyae § 
Ha 1/5. [lourw aHasiorMuHble WaHHble OO H3MeCHCHHH COOTHOWeHHA BecCa KOPHeH | 
HM Haf3eMHOH yacTu (cTeOH + JMCTbA) MPHBOLATCA UM B Apyrux paOoTax, BBbI- | 
NOJIHEHHbIX C (pacoubIO HW MWeHuel (7,8), uu SBKamunTOM (4). OOpaliaer na} 
ce6a BHHMaHHe yBeJINYeHHOe cosepKanue Bar y OMbITHbIX pacTeHuH. Ilojo6- | 
HbI€ Pe3YJIbTaTbI MO BaKHOCTH ObIIM HAMH MOJIYYCHbI TAaKKEe MW WA JIMCTbEB | 
P. leningradensis: y KOHTPOJbHbIX PaCTeHHH BMaKHOCTh cocTaBlAa 69,3%, | 
a OnbITHHIX 74,5%. YpenMueHve BJlaxKHOCTH PacTeHH, OOpadoraHHbIx rud6e-- 
PeJIIMHOM, OTMe¥aJIOCcb JpyruMu uccesoBaTeAmu (*) HM ABAAeTCA, MO-BuN-! 
MOMYy, ()aKTOM 3a€KOHOMEPHBIM. 

Bpiio MpoBpeseHo Tak»xKe HM ONpeeseHHe CodepKaHuA CaxXapOB B JHMCTbAX | 
P. tristis. Okasasocb, ¥To Oosee BbICOKOe COepKaHHe CaxapoB mpucyile «rn6- | 
OepesJIMHOBLIM» pacreHusm (8,24% pelyuupyroulux u 11,1% He peqyuupyto- 
IHX Ha CyxXOH Bec B BapHaHTe C OOpadoTKOH pacTreHul ruOG6epeIHHOM U, CO- 
OTBeETCTBEHHO, 6,93 u 10,85% 6e3 o6pa6oTKu rHu6G6epenmMHOM). 

HaOu1roaemMoe HaMH yBeJIMYeHHe CaXaPOB MOXKET ObITb MOCTaBJICHO B CBA3b 
C HEKOTOPbIM NOfaBJIeHHeM JeATEbHOCTH KOPHEBOHM CHCTeMBI, ABIAIOULelCA, 
B OOBIYHBIX yCJIOBHAX, OJHHM H3 HanOoulee aKTHBHBIX NMOTpeOuTeelt spractu- 
yeCKNX BeLeCTB B PacTeHHH. 

IIpu u3yyenun AetcTBua ruOOepeIMHOBOH KUCJIOTbI Ha OAHOJIETHHE CeAHUBI 
iy0a M COCHbI OKa3al0Cb, 4YTO AyO pearupyerT Ha OOpa6orKy MyTeM O6pa30Ba- 
HHA “MBaHOBBIX NoOOeroB» AwHHOK 0,3—2 cm c 6eQHbIMH, MWIOXO Pa3BHTbIMH) 
JIMCTbAMM; COCHa Ha OOpaOoTKy He pearupoBasa. 

IIpu o6pa6oTke pacTteHul ruO6epesMHOBOH KUCOTOH OTMe¥aIOCh u3Me- 
HeHve (opMbI JIMCTbeB Ha Tow uYacTH nOOeroB, KOTOpas OOpasoBamacb nocse; 
HaHeceHuA pacTBopa rMOGeperMHOBON KucnoTH. JLunHa JMCTbeB yBeHUHBa= 
Jiacb, a WMpHwHa yMeHbilasacb. Bepxuasa uactb noberos P. tristis noxppiBa- 
JlaCb KOPOTKHM OapXaTHCTbIM ONYWIeHHeM, YTO He THIMYHO JIA 3TOTO Bua 
pacrenult. JIucronaq c «ru6GepeMHOBOM» YacTH cTeOA ONBITHBIX pacTeHnit 
HaCcTyNaJl 3HAYMTEIbHO M032Ke, YEM C KOHTPOJIbHbIX PacTeHHH uM C TOM Y“acTH 
mo0era OMbITHBIX SK3CMIMIAPOB, KOTOPad OOpasoBaacb NO O6pa6oTKu npema- 
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patom. B HeKxoropbix cay4¥aax pacTeHus OCTaBaIMCb B OOMMCTB/eHHOM CcocToOs- 
HMM Ha 3MMYy. OTO OOCTOATEbCTBO MOXKET YKa3bIBaTb Ha TO, YTO MpoOABeHHE 
| AeHCTBHH THOOepeUHOBOH KUCJIOTHI HOCHT JOKasIbHbIIt xapakTep. 

Oxpacka JIMCTbeEB ONbITHbIX pacreHult IpHHuMaer OeMHO-3eseHbIH, nosquac 
WKeNTOBATHI WBer. [loqoOupilt dakt oTmeyasica Take M. X. Uatinaxsauom (1°). 
|B cBa3H C STHM HaMM ObWIO MpoBeyeHO uccMeMOBaHHe CoepXKaHUA MMTMeHTOB 
(B IMCTbAX. OnpeleienHe CyMMBI XsOpodu0B, KapoTHHa, OTeHHa HM BUOJIO- 
| KCAHTHHA MpOM3BOLMJIOCb MeTOAOM XpomaTorpadun Ha OyMare 9KCTPaKTOB JIH- 
ICTbEB C NocMeLyIouleH IOWMeH MATCH HM KOJOPHMeTPHPOBaHHeM 9dVIOaTa Ha. 
‘MOK no metoguxKe (14, 1*). PesynpraTbi onpeyenenuli cBelerbI B Tab. 4. 


Ta6Omunma 4 


- 


Jlefictaue ru66epenmuHOBOH KHCOTHI Ha COJepxKaHve MHTMeCHTOB B JHCTbAX 
P. tristis (8 MumaurpamMax Ha TpaMM CbIporo seca) 


ee | cee | KapotuH | JUoTeHH BuonmokcaHTiiy 
Koutpoub | 1,6944 | 1 PAZ 7) | Ara eatayey A daly, 
Onit 0, 8095 0, 7848 0, 8387 09513 


TakuM 06pa30M, STHOJIMPOBaHHOCTb JIMCTbeB pacTeHul, OOpaboTaHHBIX ru6- 
DepeIMHOBOH KHCIOTOH, OOyCJIOBIMBaeTCA HH3KHM COepKaHvHeM B HHUX Pa- 
-THTCJIbHBIX MIMTMCHTOB, WH B MepBy!O OYepelb XOPOuOB, cosepxaHue CyM- 
MbIl KOTOPbIX Oovlee YEM BABOe 3AHMXKEHO B JIMCTbAX OMbITHDIX PacTeHUH. 
Kak nu3BecTuo (1%), ru66epenmuHoBad KucOTa OOalaeT CnocoOHOCTHIO Mmpe- 
DbIBATb TOKOH MoveK [peBecHbIX pacTeHuli (mepcuk). B HaliMx ompiTax, mpo- 
| 2 alee B KOHUe aprycta H Havase CeHTAOPA, Take yaJlOCb BbI3BaTb 
MNOMOUIbIO THOOepeIMHOBOH KUCJIOTbI HapylWieHve NOKOA MW BO300HOBeHHE 
Ipupocta B BBICOTy pada ApeBecHpix nopoy (P. tristis, Quercus robur, Acex 
blatanoides u 2p.), HOpMabHO yxKe NOMHOCTHIO 3aKOHYMBUINX CBO poct. Tocse 
pOpadoTKH ciboOpMupoBaBIIMXCA MoveK yxKe yepes 2 HeemH y BCeX PpacTeHul 
1 aati pacnycKaHue moueK, a BNOCNeqCTBHH OOpas0BaHHe noOeroB u 
mucTbeB. JlucTbaA ObIIM MCKHMH, MWIOXO CPOPMMPOBaBLUMMUCA, STHOJMPOBAaH- 
HbIMH. JIHHa noOerop yepes 3 HefemM Nocse NMepBow oOOpaOoTKH NoyeK 
20 VIII) gocrurana y P. tristis 10 cm, a y Acer platanoides 15—20 cm. 
Y scex 6e3 HCKIIOUCHHA pacTeHHH, oOOpaOoTaHHbIx THOGepeNIMHOBOH KUC- 
‘OTOH, BepXylleuHad mouKa He C(OpMupoBasacb H BePXHAA YacTb MoOeroB 
yOMep3sia Ip MepBbIX 3aMOPO3Kax. 


Tlocrynusi0 


JlecoTexHwyuecKant akaJleMuA 
23 VIR TI59 


um. C. M. Kupoza 


HWMTHPOBAHHAS JIMUTEPATYPA 

i e- 
ey 
r 


e, 
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iiwska-Potapczykowa, Wiadom. bot., 2, Ne 1, 21 (1958). 3 M. W. Brodl 
eG. C ra ne, Science, 126, No 3230, 972 (1957). 4G Scuriteld, C, W. Moo 
ature, 181, Ne 4618, 1276 (1958). © F. Lona, Nuovo giorn. bot. ital., 63, Ne 1, 61 (1956). 
lekeben, Lb. Barton, Science, 125, 494 (1957.9 7 i ES W eller, Sh Hy Wait- 
wer etal., Plant Physiol., 32, Ne 4, 371 (1957). ®P.W.Brian,S.W.Elson etal., 
. Sei. Fg. Agric., 5, 602 (1954). ® Kato Jiro, Science, 128, Ne 3208, 1132 (1956). 
DM. X.4Uatiaaxan, Bot, xypn., 43, Ne 7, 927 (1958). UW. HW. CanoxHuKk oes, 
l. A. Bpouwtetn, T. A. Kpacosckas, Buoxumua, 20, s. 3, 286 (1955). 
m.W. CanoxuuKkos,M. A. BpoumtetxlIlonosa u gp., Ousuon. pacr., 3, 
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Jloxnaym Axagemun nayx CCCP 
1959. Tom 128, Ns 5 


AHATOMHA 


C. KH. NJIOTHUKOBA 


BHYTPHCTBOJIBHOE CTPOEHHE ME)KPEBEPHbIX HW BEPXHHUX 
NOACHHYHbIX CNMHHOMOSIOBbIX HEPBOB KPOJIMKA(D,—L;) | 


(I] pedcmaeneno axademuxom H. H. Anuuxoeoim 16 VI 1959) 


Tita noHuMaHHA OCOGeHHOCTeH MHHeEPBallun OpIOWIHOH CTeHKH Yy Ppa3HbIxX — 
BHUJOB XKHBOTHBIX MH UeIOBeKa, a TaKKe 3AKOHOMePHOCTeH OOPa3s0BaHHA Ha HeH : 
HeHPOreHHbIX TPpO*PuYeCKUX A3B Noce HapyWIeEHHA WeJIOCTHOCTH HEPBHbIX CTBO- — 
JIOB BaxXKHO 3HaHHe BHYTPHCTBOJIbHOTO CTPOeHHA MexpeOePHbIX H BePXHENOACH - 
HMYHBIX CNUMHHOMOSFOBbIX HePpBOB HM CBA3e€H M@Ky HuMu. Bmecte c TeM, He- — 
CMOTPA Ha XOPOLIO us3BeCTHYIO CTpyKTYpy HX KopeliKos (*°), BHYTPHCTBOJIb- 
Hoe CTpoeHHe STHX HeEPBOB axe y yesOBeKa MOXO H3y4eHO. 

V3pecTHO BCerO JIMUIb HeCKOJIbKO paOoT, MOCBALICHHbIX STOMY BOTIpOcy. 
O. Kouuesb (*) uw II. II. Tlerpos (*), npumenus mero, pa3sBosIOkKHeHHA NyTeM 
mallepalluH B pacTBopax asoTHOH u yKcycHol KucsoT, a M. M. Cuyopnua (*) — . 
MeTOJOM HMMperHalluH cepeOpom no OgHopasioBy, Halluin, 4YTo MexpeOepHEte ; 
HeEPpBbI YeIOBeKa MpeNCTaBJIAIOT COKHOe cmweTeHHe, OOPas0BaHHOe HECKOJIb—~ 
KMMM TOHKHMM TyuKamu. T. B. 3notopesa (1) oTMeTusa MyYYKOBbI CocTaB Hep- 
BOB, CHaO>KalolluX MepeHIoIo OpIOUIHy!IO CTeHKy YeNOBeKa, HHAMBULYaJIbHBIe | 
pa3JIM4HA B UX CTPOCHHH HM NOKa3asia B HUX COOTHOLWIC€HHE MAKOTHbIX HW Oe3MA- 
KOTHBIX BOJIOKOH. 

PaOoT, MOCBALIeHHbIX H3yYeHHIO MexKpeOePHBIX HM BePXHHX NOACHHUHDIX 
HEpBOB KPOJIHKa, BOOOWLe HET, XOTA 3TOT BOMpOC HMeeT 3HAYCHHE HE TOJIbKO | 
J\JIX MOHAMAHHA CTPOCHHA MexKpeOePHBIX HEPBOB YeNOBeKa, HO TakxKe u WA 
SKCIEPHMeHTAJIbHBIX PaOOT MO H3yYeCHHIO HeHPOreHHbIX TPOuYeCKHX ABB. 

B nacrosieh padote Aid H3yYeHHA BHYTPUCTBOJbHOTO CTPOeHUA MexKpeGep- 
HbIxX (Dy— Diz) w BepXHuXx nNoACHHYHEIX (Li— Ls) HepBoB y 20 kpomuKOB Hep- 
Bbl HMMperHHpOBaIMCcb OCMHeM 10 MapxKu u cepeOpom no Paxcony c mocezyt0- 
IMHM H3POTOBJICHHEM CTYMeHUATHIX CePHH Cpesos. 

Bce 9TH HepBbl HMEIOT CXOAHOe BHYTPHCTBOJIbHOe CTPOEHHE, H MbI IPH ONH- 
CaHHH B KauveCTBe MpHMepa OCTAHOBHMCA B OCHOBHOM Ha 12-m mexpe6epHoM 
HepBe, B OOacCTH HHHepBallMM KOTOporo mpu nepepeske D,— Ls HnanOomee 
YaCTO Pa3BUBalOTCA HeMporeHuble Tpoduyeckue a3Bbl. Ilo cpaBHeHulo c yes0Be-) 
KOM y KPOJIMKa OH HMeeT 3HAUNTeJbHO Oovlee MpocToe crpoeHne. 12-ii mexpe6ep-, 
HbIlf HepB, KaK M APyrue HepBb! OpIoWIHOli CTeHKU, Ha YPOBHe KBalpaTHoHi MBILULLBI | 
mpeAcTaBsaer cOOoH FOBOJIbHO TOJICTHI CTBOJIMK, CosepKalliul oKon0 2000 ma- 
KOTHBIX BOJIOKOH, KOTOPble OOPasylOT TOMbKO OHH my4oK. Jlna sToro HepBa 
XAaPaKTePHO PaCMOJIOMKeHUE TOJICTHIX HEPBHHIX BOJIOKOH (11—14 uw) u B MeHbUeH 
CT€Me€HH BOJOKOH CpelHero KamMOpa (6—10 ») no nepudepuu. Lleurpanbuyto 
YaCTb 34HUMAIOT B OCHOBHOM TOHKHE MAKOTHBIe BOIOKHAa (2—5 1), CpeAH KOTOPbIX 
BKPalIJI€HbI BOJIOKHa CpefHero KamHOpa (6—10 uw), mo-BHqMMOMY, TYBCTBHTeIb- 
HOM IPpHpoOdsl; B WasbHelWem BCe STH BOJOKHa YXOLAT B KOMKHBIe BeTBH. Mnorma 
OHH He 3aHHMAIOT MOJIHOCTbIO ICHTPaJIbHYIO YaCTb HEPBAa, a M@KAT OTICNbHBIMU 
rpynumamMu Mexjty Oowlee TOJICTbIMH BOJIOKHaMM, KOTOPbIe HallpaBAAIOTCA B Mb 
IWeuHbIe BETBH. DesMAKOTHBIC BOJIOKHa PaCCeAHbI MCKAY MAKOTHBIMH BOJOKHAaMH 
mo BCeMy NonepeyHuky HepBHoro crBoma. Ha ypoBue MequambHoro Kpasa no- 
€pe4HOH MbIILILbI KUBOTA HEPB paslenmeTca Ha UBa CTBONKAa: rayOoKuii u n0- 
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sepXHOCTHBIli (pc. | u 2). [lepeg pasqeneHuem HepBa B HeM HameuaeTcaA OOpa- 
soBaHue MyyKoB. B rayOoKul CTBOJIMK yXOJAT MpeHMYUIeCTBEHHO TOJICTHIC MA- 


OTHbIC BOJIOKHA, a B NIOBEPXHOCTHOM SACHO BbIAeNAIOTCA ABe UacTH. Oya H3. 
HHxX COCTOHT TVIaBHbIM o060pa30m M3 TOJICTbIX MAKOTHbIX BOJIOKOH, a Jpyrav U3 


bDOJICe TOHKHX BOJIOKOH, MexK],yY KOTOPbIMH PaCCeCAHbI BOJIOKHA cpe Hero KanOpa. 


[y6okul CTBOJHK COCTOUT 43 OJHO- 
ro 1yuka, oOObeAHHAIOMErO B CpeHeM 
oKOJIO 600 MAKOTHBIX BOJIOKOH. OH 
IpeACTaBJI AeT COOOL MbILIeUHbIH HepB, 
colepKalluH MpeHMYLIeCTBeHHO TOJI- 
CTbIe BOJIOKHa, HHHEPBUPyioulue No- 
nepeuHy!0, BHYTPeHHIOIO KOCyIO 4H 
IIPAMY!O MbILIIbI 2HUBOTA, a TAK*Ke 
coepxKUT BOOKHAa, HAyulue K Opto- 
wmHe. B HeCKOJIbKO MCHbILeM KOJIN- 
yecTBe (44%) B HeM HMeEIOTCA TOHKHE 
MAKOTHbI€e BOJIOKHa. Be3MAKOTHBIe 
BOJIOKHa PaCCeAHbI B HEPBHOM CTBO- 
JIMKe MK AY MAKOTHBIMH, H Ha ipena- 
paTax, HMNperHupOBaHHbIxX OCMHeM, 
yuacTKOB IIpOCBeTJICHHA HeIb3A yc- 
TaHOBHTb. Ha cBoeM MpoTAxeHHu 
rvlyOoKHH CTBOJIHK OTaeT K Tomepey- 
HOH H BHYTpeHHeH KOCOH MBILUMaM 
OOJIbLIOe KOJIMYECTBO OOKOBBIX KO- 
*uc. 1. Ilonepeunpili cpes uepe3 ray6oKui HeUHbIX BeTOUEK. 


;TBOHK 12-ro MexpeGepxoro ueppa. Mapxn. Mexxny coceqHuMH MexkpeGepHbi- 


KOJIHYeCTBO IY4KOB B TvIyOOKOM CTBO- 


Yeen. 230 MM MH NOACHHYHBIMH HepBamu (D1i0 — 


Du, Diur— Diz, Die— Li, Li— Lez, 


_2— Ls), pu mpenapopKke no meTosuKe BopoOpepa nox nagaiomei Kane, 


pOHAPY2KeHbI TOJIbKO CJ.MHHUHbIC CBA3H, PaCHOJIOXKeHHbIe B OOKOBOH OpIowWIHOl 
rTeHKe MPMMepHO Ha paccrosHuH 5—6 cM oT cpefHeH WHHMH. Ha 1,5—2 cm du- 
tTayIbHee MeCTa IIpHKpenweHHA moNe- 
DeCUHOH MbIIUMbl %XHBOTa K CIMHHOH 
bacluu rayOokuli cTBOMK pa3jle- 
AeCTCA Ha HECKOJIbKO MWy4KOB (puc. 3). 

BHYyTPHCTBOJIbHOe CrvIeTeHHe HaH- 
DoNee OTUETIIHBO BbIPakeHo y _ 12-ro 
expeOepHoro u_ I1-ro moxCHHYHOrO 
“MMHHOMOSIOBbIX H€PBOB, HO HM B HUX 


uke He MpeBbilliaeT YeTHIpex. B ray- 
OKOM CTBOJIHMKe mpeoOmagqaeT cMe- 
aHHbI THM CTpoeHua (no WaBopcKo- 
y (5°)), HO B OTJ@IbHbIX MexKpeGep- 
BIX HepBax (Dio, Di) Bcrpeyaerca 
akxKe H KaOesbHbIH. B kayecTBe mpH- 
epa CMelUaHHOrO THMa OCTAHOBHMCA Ha 


Puc. 2. Ilomepeunbie cpesbl yepes Hapyx- 
HbIM cTBomHK 12-ro MexpeGepHoro HepBa. 


)uryOoKoM cTBouIHKe 12-ro MexkpeOep Horo Mapxu. Yzen. 270 x 


epBa, HMEIOLULero y BCX HCCIEOBaHHbIX 

PpouIMKOB CxOHOe cTpoeHne. CHayaa OH 

a3JeIAeTCA Ha [Ba yUKa, KOTOPbIe, B CBOIO OYepedb, ele OHH WIM HECKOJIbKO 

a3 Jenatca. IloroM OHM BHOBb COeCAMHAIOTCA B OJMH NyYOK, YTOOBI NOCMe HeEKOTO- 

Ol meperpyNnMpoOBKH BOJIOKOH OOpa30BaTb CHOBa Ba NyuKa, KOTOPble Ha Mmpo- 

“SKCHHU MOMePpeuHOH MbILLIMbl TO CJIMBaIOTCA BMECTE, 10 BHOBb Pas beAMHAIOTCA. 
Takum oOpa30M, XapaKTepHOl OCOOeHHOCTHIO JaHHBIX HEPBOB ABJIAeTCA Ha- 

wune uacToro pasyeneHud Ha My4KH HW NMocweAyIoulero UX CJIMAHUMA, YTO NOI, 

ynol Maer KapTHHY KOPOTKHX Mere. 
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B apyrux neppax Dio, Di, Le Ny4kOBOoe CTpoeHHe BbIPaKeHO 3HANHTeJIbHO 
cnabee. B HHX HePBHbIii CTBOJIUK TaK%Ke PaseAeTCA Ha NYYKH, KOTOPbIe NOTOM 
CJIMBaIOTCA B OMMH, HO MOBTOPHbIe pasfeseHHA HaONIOMalOTCA 3HAYHTEIbHO Pe- 
“Ke, H Ha OOJbUIeEM NpoTAKeHHH HepBa BOJIOKHA HAYT B OWHOM myuKe. Muorya 
riyOokKul CTBOJIMK pasyesAeTCA TOMbKO Ha Ba MyUKa, KOTOPbIe BCKOPe BHOBb 
CNIMBAaIOTCA B OMHH, MpOCce*KUBAaIOWMHCA Ha BCeM JaJIbHeHINeM MpOTAKeHHH 
HepBHOrO CTBOJIMKA. 

Tlopepxuocrunii crsoiuk 12-ro MexpeOepHoro HepBa CosepxUT HO 1200 Bo- 
noKoH (puc. 2). Ilyrem mHorokpaTHOro AHXOTOMH4eCKOrO AeeHHA OH Pase- 
JIACTCA Ha HePBHbIli CTBOJIMK, HHHeEPBUPYIOWMH HapyKHy!O KOCy!O MBILLIMY 
(puc. 4a) u KoxkuHpIe BeTBU (6). [lepBpI COCTONT IIPeHMYULeCTBCHHO M3 TOJICTHIX 


tee 


Puc. 3. lomepeunpili cpe3 uepe3 Oomee Anc- Puc. 4. Tlonepeunplii cpe3 vepes pasBeTBue- 
TAJIbHbIM yuacTOK rury6oKoro cTBomHKa 12-ro He Hapy2kHoro cTBOMHKa 12-ro mMexpebep- 
MexkpeOepHoro Hepsa. Mapxn. YBen. 230 * HOrO HepBa. @ — HePBHbIll CTBOJHK, HHHEP- 


BUPyIoulNli Hapy2XHy!o KOcyIO MbILLIMLy; 6 — 
OJ\Ha H3 KOXHbIX BeTBel. Mapxu. YBer. 270 X 


MAKOTHbIX BOJIOKOH, KOTOPbI€e MOUTH Ha BCeM IIPOTAKCHHH HEPBHOTO CTBOJIHKA 
UAYT OJHAM MY4KOM HM TOJIbKO B OTJCIbHbIX YUACTKAX Pa3JeAIOTCA Ha JBa Nyy- 
Ka, BCKOpe BHOBb C/MBalollMeca B OJUH. Mexyy NOBepXHOCTHbIMH CTBOJINKAaMH 
COCeHHX MeKpeOepHbIX H MOACHHUHbIX HePBOB HMeIOTCA eHHHUHbIC CBA3H, 
KOTOPbI€ HAXOJATCA B MCAMAJIbHbIX OTMeaX HAPyXHOH KOCOH MBI OPIOWIHOH 
cTeHKH. Ko2xKHbIe BETBH COCTOAT IPeCHMYLCCTBEHHO M3 TOHKHX MAKOTHBIX MH 6e3- 
MAKOTHbIX BOJIOKOH C pacCeAHHbIMH MeXKY HAMM BOJIOKHAaMH CpesHero KamHOpa. 

M3 npwBefeHHbIX JaHHbIX BHHO, YTO MexKZy MexkpeOepHbIMH M BepXHHMH 
NOACHHYHBIMA HePpBaMH, OOeCHeCYMBAaIOLIMMH HMHHePBallMiO OploulHOH CTeHKH, 
OUCHb MaJIO CBASyIOUNNX BeTOUeK. IlomyyeHHbIe aHHbIe OLIN MpOBepeHbI MyTeM 
llepepe30K 9THX HEPBOB, C LWeJIbIO BbINCHCHHA, HMeeTCA JIM MepexO HEPBHBIX BO- 
JIOKOH H3 OfHOFO HepBa B Apyrou. [1a sToH We MOCTAaBJIEHO [Be CeEPHH OMbITOB 
Ha 1d kpowHKax. B nepBoH cepHu nepepesasica TOMbKO OHH MexkpeGepHbiit 
HepB Diz mocse ero BbIXOJa M3 NMO3BOHOUHOTO KaHala, Ha ypOBHe KBal[paTHOH | 
MBIIUMbI, 4 OCTAJIbHbIe HEPBbI OPIOWIHOH CTCHKM OCTAaBaJIHCb HEMOBPeKCHHbIMH | 
(Do, 19, 1, L1,2,8); BO BTOpoh cepuH Nepepesaocb HECKOJIbKO HepBOB (Dg,10,11, 
L1,2,3) — Kpome ofHoro Diz. Bce cnuHHOMO3roBbIe HepBbI OT Dy Jo Ls c ux pas- 
BeTBJICHHAMH OTIPeMapOBbIBaJIHCb, MMMPerHUpoOBasIMCb OCMHeEM UH Pa3AeAIUMCh 
Ha OJIOKH, H3 KOTOPbIX H3POTOBJAJIMCb CTymeHuaTbe cepuHn cpe3os. Y 11 kpomn- 
KOB COBEPIUeHHO He OblIO OOHapy2KeHO Mepexoa MepepoOxTeHHIX HEPBHBIX BO- 
JIOKOH M3 OAHOrO HepBa B Apyrue. Y 4 kpowMKoB mpu MepepesKe 12-ro ‘cnMHHO- 
MOSrOBOrO HepBa yfaloch OOHAPYXUTb CAHHMUHbIC pachajlaiollMeca HepBHble 
BOJIOKHa B MbBIINCYHbIX CTBOMMKAaX |-ro NOACHHYHOTO CMMHHOMOSFOBOrO HepBa. 

Takum o0pasoM, y KPOJINKOB MexKpeGepHbIe H BEPXHHE MOACHHYHBIE HEpPBBI, 
CHaOxKalollMe OPIOWIHy!0 CTEHKY, NPeACTABAIOT COOH FOBOMbHO TOJICTHIe HEpB- 
HbI€ CTBOJIMKH, BOJIOKHa KOTOPbIX HAYT OHM IryyKom. [locuie pasyqenenua Hep- 
Ba Ha rilyOokHH MW MOBeEPXHOCTHbIMt CTBOMHKH, BHYTPHCTBOJIbHOe cnmeTeHHe 
oOpasyeTCca TOJIbKO B TIyOOKOM CTBOJIHKe, HO M 3eCb KOJIMYeCTBO MYY4KOB He 
MpeBbiluaeT YeTHIpex WH MpeoOmaaeT CMeWMaHHEI Tum crpoeHua. Mexyy mpileu- 
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'AbIMH CTBOJIMKAMM CIIMHHOMOSTOBBIX HePBOB, MHHEPBAPY!OULMMH OpIOUIHyt0 
cTeHKy KpomuKka (Dy u Dio, Diow Du, Dir uw Di, Die nu Li, Li u Le, Leu 
is MMCIOTCA TOJIbKO CMHHUHbIC OUCHb TOHKHE CBA3H, MO KOTOPHIM Mepexo AT 
JIHUIb OTI@JIbHbIe HeEPBHbIe BOJIOKHA. 


VuctutyT 9KcnepHMeHTambHOM MeMIMHbI Ilocrynuao 
AkajJleMHH MeAHUMHCKHX HayK 10 VI 1959 
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Jloxxanp Axkagemuu wayk CCCP 
1959. Tom 128, Ni 5 


IKCHEPHMEHTAJILHAA MOPPOJOTH A 


A. A. BOXTKEBAY 


O MJIACTH4SHOCTH CTPYKTYPbI WIMTOBUAHOM JKEJIESbI 


(ITpedcmaeaeno axademuxom H. H. Il maaveaysenom 17 V1 1959) 


MuorouncuieHHble SKCICPHMeEHTAJIbHbIe UCCeAOBAHHA yOeKa1oT B TOM, YTO 
MHKPOCKOMMYeCKad CTPYKTyPa WHTOBHAHOH *Keesbl OONAaLaeT BLICOKOH DuHa- 
MHUHOCTHIO. ITO 3aKJIIOUCHHE OTHOCHTCA, B MepBy!O OYePedb, K Kese3aM MOJIO- 
loro pa3sBHBalollerocA OpraHH3Ma, HO OHO pacmpocrpaHsAeTcH WM Ha %*Kee3bl 
B3poclblx. B TupeouqHOH TKaHH MIPpOMCXOANT HenpeKpaliatolleecA copmMupo- 
BaHHe HOBBIX (POJIMKYJIOB, TaBHbIM OOpa30M U3 KJIeTOK HHTepolIuKyAp- 
HbIX OCTPOBKOB. KeTouHbIlt cocTaB, pa3Mepbl HW KOJIMYCCTBO TAKHX OCTPOBKOB | 
NOABepKeHbl 3HAYHTeIbHBIM u3MeHeHuAM (1, *). OOpa3s0BaHHe HOBBIX oun 
KYJIOB IIPOMCXOAUT Tak2Ke 3 SINMTCIMAJIbHbIX KJIETOK OPOPMJICHHBIX CPomMKy- 
JOB, AePopMupyIOWWMXcA Mp PasJIMUHbIX BO3AeHCTBHAX CU3SHOOrHYeCKOH u- 
MexaHHyeckoH upupotnl. JlokanbHaa mnpomudepalua KNeTOK TupeouHOro 
STMTeINA IpHBOAUT HepelKo kK OOpas0BaHulO MUKpOdosHKyNOB. Takan cTpyk- 
TypHad NaOMJIbHOCTh THPeONAHOM TKAaHH OCcJIaOeBaeT C BO3PaCTOM. 

Jia HeKOTOPHIX (OPM XRKMBOTHHIX Ae3HHTerPalluA CJIORKUBWINXCA PaHee Ke- 
TOUHBIX KOMIMICKCOB ABJIA€TCH, MO-BHAHMOMY, THNHYHBIM XOJOM CTPyKTypHOH 
nepecTpoHku, OOyCJOBJIEHHOH (YHKUMOHAJIbHbIMH H3MCHEHHAMH ULMTOBUHOU 
*Kelesbl. B sTOH CBA3H MbI OOPaTHJIH BHHMaHNe Ha MAKPOCKONHYeCKOe cTpoenHe 
THPCOHZHOH TKAHH MOJIOAbIX WLCHKOB, ABJISBIIMXCA HeOJHOKPaTHO OOBEKTOM 
uccMeqOBaHHA Hallux wpelwecrBeHHuKos (1°"1"). Kak pa3 y 3TOH dopMbI B *Ke- 
JI€3HCTOH NapeHXuMe HanOoulee YaCTO BCTPeyalOTCA OCOObIe KPYIHbIe CBeTJIbIe 
KJI€TKH, PacnO/laratolMecsd Cpe NOBOJIbHO OMHOPOAHEIX K€TOK MHTepdousu- 
KYJIAPHbIX OCTPOBKOB, HO Yale eKallue napahowIHkKyAApHo B THPpeou,HOM 
anuTeiuuH. SHayeHve u TreHe3 STHX KJI€TOK UMEIOT Pa3JIMUHBIe OObACHCHHA, U 
MM Jlaxke IIPHMMCbIBaIOTCH HEHPOrOpMOHaJIbubIe cBolicTBa (14, 1”), HeoqHoKpat- 
HO SKCIICPHMCHTHPyA Ha MOJIObIX WeHkax (*°), mMbl OOparumu BHuMaHHe Ha} 
CABHIM B COOTHOWeHHAX MeXKAy THMMYHbIMH THPCOMAHbIMM HW CBETVJIBIMH KJIeT-| 
KaMH B YCJIOBHAX MCHAIOWeHCA KOHIEHTPalMH TOPMOHA LWIMTOBHAHOH 2xKee3bI| 
B oOpraHH3me. Ilo nopody mopdo-cdyHKUHOHAaJIbHbIX H3MeCHEHHH WHTOBMAHOL 
*KeTesbl B MOCMeLHUe TOAb! HAKOMMJICA OOWIMPHbIM, HECKOJbKO MPOTHBOPeUMBIM 
MaTepHal, MpeCTaBJIeHHbIM B MHOPOUMCJICHHbIX OPHTMHAaJIbHbIX paOoTax H 
pawe Kpynupix cpogox (1,*,°,1*,1%). Ho mpoleccst nepecrpofiku TupeoudHoli 
TKaHH WM POJlb B HHX TaK Ha3bIBACMBIX CBETJIbIX KJICETOK OCTAIOTCA elle c1a6o 
3 yUeCHHbIMH. 

Hoax rpynma onbiros Obwia mpoBeyena Ha 34 MovoLpIx WeHKax (1—1,5 mec.). 
Hcnomb3s0BaHue B KaXJOM OMbITe OJHOMOMETHBIX ICHKOB oG6ecneunBaJO 
U3BeCTHYy!O TeHeTHYeCKylO WH @u3HOsOrMYeCKy!O OJHOPOAHOCTh Halliero MaTe- 
puama. B OCHOBHBIX 9KCMepHMeHTAaX X%KHBOTHEIe NOMyYau KopTu30H u AKTT; 
B JONOJIHMTEIbHBIX, MPOBOAMBIIMXCA Hamu coBMecTHo c V1. II. InprKopnm, 
MpiMeHaca 6-mMeTHiTHoypalun. Ham ycoBua SKCNepHMeHTHpOBaHUA Cc 
STUMH [IpelapaTaMu HeOAHOKpaTHO Oblin onucaHnl (°,”). Lluropuaupre *Keme3bl 
ULCHKOB, KaK M3BeCTHO, cmaOo pearMpyloT Ha MeTHsITHOypaliun (4,°,15). Mate- 
Puan OOpabaTpiBaJicA MO OOIYHBIM THCTOJIOTHYeCCKHM MeTOAMKaM, OKpacka ma- 
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Puc. 1. Muxpodoto myToBHAHBIX 2KeTe3 OLHOMOMETHEIX MOJIOABIX WleHKOB (yBem. 800 x): a — 
KOHTpoub; 0, 6 — MTY. Octanbubie — nox BausaHHeM KOPTH30Ha: 2 — OOpasoBaHHe rpynnbl 
CBeTIBIX KeTOK (BePX, HaeBO) H YaCTHUHAA NesMHTerpalusa KeTOK THPpeoHAHOrO anuTeNHA; 
O — BbIKJMHUBaHHe TPeX KPyMHBIX K/IeTOK H3 CTeHKH (PouMKya B OOuLyIO Maccy npunexamnx 
CBETJIBIX KJI€TOK, YaCTb CTEHKH (OJWIMKysa OCTaeTCA HeH3MeHHOIi (Hampapo); e, x — yrpata 
PomIMkyAApHOH MOMOCTH, B OCTaBLIeMCH yuacTKe CTeHKH COXPpaHAeTCH He3HaYHTeNMbHOe YHCAO 
OOBIMHEIX THPCOMJHEIX KETOK, BAKE TpaHHybl M@XKTY KPYNHBIMH CBETJIbIMH KJIETKAMH; 3, U — 
NOMHOE ZaMCHlCHhe (OsMHKYAOB OCTPOBKaMH CBETIIBIX KJIeTOK, CIMAHHE OCTPoBKos (e, uw) 


TAH, vr. 128, Ne'5, Boiirkesyy 


if 


_ 


—_ 


paPuHOBbIX Cpe30B MpOMsBOAMAACh B MATH MOMMPUKALMAX, Cpequ KOTOpDIX 
HanOovlee J€MOHCTpaTHBHHle pesyIbTaTH Jamu a3an no Tepenraiiny, Ban-Tu- 
30H' H remMaToKcuuIMH Tefiqeuraiina c MXTIpIOHOM. 

IIpeqpaputembHO OblIo MpoBedeHo TrucTOorM4eckoe u3y4YeHHe MaTepuasa 
OT WEHKOB, He HaXOAMBIIMXCA NOX 9KCMEPHMeHTAJIbHbIM BO3elicTBueM. B wWuTO- 
BHHbIX 2KeIC3aX KOHTPOJIbHbIX W[CHKOB OTMCYCHLI HEKOTOPbIe BapHallHN B pa3- 
MepaX @OJMIHKYyJIOB M COCTOAHHH HHTpadomIMKyApHEIx ocrposKos. IIpucyr- 
CTBHE CMHHUHDbIX CBETJIBIX KJICTOK OTMCYCHO B WCHTPaJIbHbIX YaACTAX MapCHXHMbI 
IMMTOBHAHON Kese3sbl — B yYaCTKaX PacNOJOKeHNA MeKUX MOJOLEIX ComH- 
KYJIOB; OHH He BCTPeuaJINCb B MepudepnyeckoH 30He, re pacnosarairca riaB- 
HbIM OOPa30M KPYMHbIe XOPOWIO O*OpMJeHHbIe COJVIMKYJIbI C TOMOPeCHHEIM HH- 
TeHCHBHO OKPAalUMBaloluMcA KoOIONOM (puc. | a). 
 TloX Bauauuem He6oubuIMx 103 MeTHITHOypallusa (50 mr Ha | xr Beca) 
B ULMTOBUAHBIX *Kee3aX OTMCYeHbI NPH3HAKH BO3OyYKICHHA, UTO BbIABHJIOCh 
B BaKYONM3allMH MPHCTeCHOUHOH 30HbI KOMMOULa PouKy1a UB HEKOTOPOM yBe- 
JIMYeHHH BBICOTH! KJIeTOK SNHTeIHA. B STHX YCMOBHAX KOJIHUYECTBO CBETJIbIX KJIe- 
TOK 3aMeTHO yBesHM4HBaeTca. Ha mukpodoto (puc. | 6, 6) BuAHO, 4YTO TakHe 
OJMHOUHBIC KJICTKH BKJIIOUCHBI B CTeHKYy (oWIMKya, MeXKAy HeOOJIbILMMH KeT- 
KaMH C TEMHbIMH Apamu. B 30Hax KOHTaKTa HeCKOJIbKUX (POIMKYJIOB MU MeKLy 
HMMM Yale BCTpeyaloTCA HeOOJIbIWIMe TPyNMbl WIM OAMHOUHBIe CBeTJIbIC KJICTKH. 
Tmametp spa Takux KyeToK B 1,5—2 pa3a mpeBbllllaeT nomepeyHuK Apa OGbIY- 
HBIX KJIeTOK THpeonAHoro snuTenHA. LutTonma3ma OKpalliuBaeTcaA O4eHb cabo, 
‘1 HePeKO MOXKHO BHeTb XOPOWO KOHTYPUPylollMlicA BOKPyr Apa WuToMIa3- 
IMaTHYeCKHH YMIOTHeEHHBIH OOoOJ0K. Tpanulbl MexKAy CBeTJIbIMM KJIeTKAaMH HU 
TE sciy CBeTJIbIMA H HCH3MCHCHHBIMH OOHApyxXuBaloTcA 6e3 ocoboro Tpysa. Ilo- 
ABJICHHE H YBCJIMYCHHe KOJIMYCCTBA CBETJIbIX KJICTOK H€T OCHOBaHHA PaccMatT- 
IDHBaTb B KaYeCTBe IIPH3HaKa YCHJIeCHHA (PyYHKWMN *KeNe3bl, WOCKOIbKY MpH3Ha- 
KM TunepdyHKWHH He OrpaHMuMBaIOTCA OGOMACTbIO MOKAIM3alMH U3MCHCHHBIX 
KIeTOK. PesopOunNA KOJIIONa COMyTCTByeT MOABJICHHIO CBETJIbIX KJIETOK, HO 
HeT MIPpH3HaKOB TOO, YTO HMe€HHO M3MeCHEHHbIC KJIeTKH OOaaloT KaKOli-TO 
cnelupukoH B 93TOM Tipoliecce. Pa3xxwxKeHHe KOON Za B PoIMKyIax OTMe- 
aeTCd MIPMMepHO B OMHaKOBOM cTemeHH Kak B y4acTKax pacmowox*xKe- 
HUA OObIMHBIX THPeCOWHbIX KJICETOK, Tak H B MeCTaX, Te ye NOABHIHCb 
rperibe KeTKH. [IpH 3sTOM HaM He MpHxoAuMOCh HaOmOLaTb, YTOObI WHTO- 
Wla3Ma CBeTJIbIX KJI€ETOK, 3aHHMAIOWMX B Pa3HbIX BapHaHTax mapadou- 
UKYyJIApHOe MoOMOKeHHe, HeMOCpeACTBCHHO KOHTAKTHPOBaslacb Obl C KOJI- 
OMJOM. 

Ilo BauaHueM KopTu3oHa, uw oTuactH AKTI, u3smeHeHua B MHKPOCTPyK- 
ype THPeCOHAHbIX (POJIMKYIOB HMeIOT OosIee BbIPAXKeCHHbIH, XOTA H HeOAMHAKO- 
bili MO CBOeH cTeneHH xapakTep. HanOosee 3HaduTeJIbHbIe H3MCHCHUA HaOJItO- 
Mauch B ycmoBuAX, Korfa 10-qHeBHoe BBeeHue KOpTu30Ha (20 mr Ha | xr 
Beca) MOBTOPAIOCb Nocse TpeXHeeJIbHOTO MepepbiBa, H OCOOeHHO TIPU coflepxKa- 
HMM ULCHKOB B 3TO BPe€MA B XOJIOAHOM MoMelleHuH. O xapaKTepe u nocseqoBa- 
WebHOCTH B Pa3BHTHH TaKHX U3MCHeCHHH MOXKHO CyLUTb 10 MuKpodorTo (pune. | 
| u). Mpt o6paTuaH BHHMaHHe Ha TO, YTO PeaKWHA WHTOBHAHbIX *Keles Ha 
KOPTH30H Oba HCOMMHAKOBOH B Pa3HbIX YaCTAX *Kenespl. Ha rucromormyeckux 
bpegax UMeIOTCA yUacTKH THpeOvHOH TKaHH, Mperepnepliel 3HadHTeIbHYy!0 
jepecTpolky, HU y4acTKH, Tle H3MeHCHHA ObIIM OTHOCHTEIbHO CaO BbIpaxKeHbl 
HJIM BOBCe OTCyTCTBOBaIH. Ualle Bcero H3MCHCHHA OXBATHIBAJIH WeHTPaJlbHyIO 
OHY, HO OTMeYCHEI Cly4aH, KOTa OHM PaCMpPOCcTPaHAIMCh Ha OTAeJbHBIE Me- 
pudepuyeckue yuacTKH %Kemesbl. B u3MeHeHHBIX YaCTAX ObIIN BbIPAaXKeHbI XO- 
polo MopdbomorMueckue MpH3Haku TruneppyHKuUuu. B sTOM OTHOWeHHH MbI He 
BHMM IIPOTHBOPeYHA MexKAy HauwIMMH HaOJIOLeCHHAMH Hal THPCOMAHOL TKAaHbIO 
OJIONbIX ULEHKOB M JIMTePaTYPHbIMH JA@HHbIMU OO yrHeTalouleM BJIMAHHM KOp- 
1H30Ha Ha (yHKI(H10 WMTOBUAHOM %Kelesbl B2DOCIBIX 2KMBOTHBIX (11). Kak yxe 
PTMeYaIOCh, CTPyKTYPHbIe H3MeHEHHA HE MPOABJIAJIMCb PaBHOMePHO IO Bcel 
Kee3e, a OFPAHHUVBaJIMCb MpPeHMYINeCTBeEHHO yYaCTKaMH HMHTeHCHBHOH (oui- 
HUKYJAPHOH mepecTpouku. 
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Haule BHHMaHHe MPHBJIeKIM CBeTJIbIe KJI€TKH, PactoJlararollMeca YaCTO! 
OobiuMMH rpynnamu. Take CIVJIOWHbIe OCTPOBKH CBETIbIX KPYINHbIX KJICTOK 
pe3KO BbIeNAIHCb CpelH OObMHEIX ouKyNOB. Ham He yalocb BbIABATb 
KaKOH-JIMOO 3€KOHOMEPHOCTH B OPHeHTAMH OTACJIbHbIX KJeTOK WIM UX Aep 
B mpekemax OcTpoBKOB. CpeqH CBeTJIbIX KIeTOK He HaOvOaloTCA MHTO3bI HIM 
amuTo3bl. Buau3koe pacnouoxKenve Aep HMHTHPOBaJIO B HEKOTOPbIX CJly4yaAx 
AMHTO3, HO IPH BHHMATeJIbHOM PaCCMOTPeHHH BbIABJIAJIMCb ABE CAMOCTOATCIb— 
HbI€ KJI€TKH, OTIMYAaIOUMecA TONOrpaduel. B ocrpoBkaxX MbI He BUCH CHMMJa- 
CTHYeCKOFO WIM CHHUMTHANIbHOFO CTPOCHHA, TaK KaK BCera MOXHO ObwIO Tpo- 
CICMHTb PpaHHIlbl M@XKy CBeTJIbIMH KseTKaMu (puc. | ac). 

Vsyyenue rucToslorMueckoro MaTepHala NO3BOJIHJIO IPHHTH K BbIBOLY, YTO: 
ULHTOBU Had 2%Kele3a MOJIObIX WLCHKOB pearMpyeT Ha BBeJeHHe KOPTH30HAa Ne- 
pecTpolkol cBoel CTPYKTYPbl: OObIUHbIe THPCOWAHbIe KJICTKH MpeBpalllarwoTcH 
B KPYMHble CBETVJIbIe, H ITOT MPOWeCc OCYUeCTBAAeTCA HePaBHOMePHO B Pa3sHbIX 
yacTax 2*Kesespl. U3meHeHud He OFPpaHHUMBaIOTCA HHTeEPPOMIMKYJAPHbIMA OCT 
POBKaMH, KJIeTKH KOTOPbIX PaCCMATPHBAIOTCA HepeAKO B KayeCTBe Pe3sepBHOTO 
MaTepHaa Cc OoubliMMu cbopMooOpa30BaTe/IbHbIMH NOTeHUMAMH. Co3yaercx 
BievaTieHHe, 4YTO HavOOJIbIIMe H3MeCHEHHA MPOHCXOAAT HE B OCTPOBKaX, a He- 
nocpeCTBeHHO B cTeHKax couuKyNo0B. Llembie PomMKysIbI NOcTeneHHO MpeB- 
palllaioTcA B CMVIOWIHbIe OCTPOBKH XaOTHYeCKH pacno/larawllM4xcA KPYyNHbIxX 
CBeTJIbIX KleTOK (puc. | oc — u). Haunuatoujeecn mpeoOpasoBanue HMKOTa 
He OXBaTbIBaeT cpa3y Bcelt cTeHKU *osuuKyla. Ilepecrpoka oTJebHbIX ou- 
JIMKYJIOB OCYWECTBIAeTCA MOCTEMCHHO HW B OMpeeseHHOH MOcesOBaTeIbHOCTH, 
yale BCero OHA HaYHHaeTCA Ha OJHOM H3 eFO MOJIOCOB, perxke — B H€CKOJIbKHX 
yuacTKax ofHoro dbommukyaa (puc. | e — oc). CBoeoOpa3Hblt WHTOMOrMYecKHH 
MeTaMOpdo3 HauMvaeTcaA C YBeEHYCHHA Pa3MePOB H BbIKJIMHHBaHHA OHO WIM 
HeOoO/IbIUOrO YMCA KeTOK. OTO ABJIeEHHeE PacnpocTpaHAeTcA H Ha OCTAJIbHbIe 
THpeouwHbIe KIeTKH. Ha pue. | e mpuMepHo TpeTb CouJIHKYyJAPHOH CTeHKY 
mpelcTaBleHa CBeTJIbIMH KJI€TKAMH, TOPla Kak OCTaJIbHaxH YaCTb CTeHKH (os- 
JIMKys1a COepxKUT OOBIMHbIe KeTKH. HetpyHO BueTb, YTO H 9TA YACTb MperTep- 
mepaeT Jle3MHTerpallulo cBoeH cTpykTypbl. AHasIOrHuHble H3MeHeHHA HMMEIOTCA 
uM Ha CuleLyIouluxX Tpex MHKpodoTo, mpHyeM Ha puc. | O BuAHaA JOBObHO 3Ha- 
YHTeIbHad 30HA BbIKJIMHMBaHHA CBeTJbIX KeTOK. B Takux douukysax Mpo- 
HCXOAMT HHTCHCHBHAA pesopOuuA KOON a, OCYIUeCTBIAIOWLAaACA HeH3MeCHeH- 
HbIMA KleTKaMH. IIpH BHHMaTeJIbHOM MHKPOCKONHPOBaHHH BbIABJIAeCTCA, UYTO 
WHTONIa3Ma CBeTJIBIX KJIETOK He KOHTAKTHPyeTCA C KOJIJIOHJOM, MOCKObKY 
B NOrpaHHyHOH OOaCTH HaXOAATCA BbITAHYTHIC WHTOMMasMaTHYecKkue yUaCTKH 
H€H3MCHEHHBIX COCe€AHHX KJIeTOK. GaBeplieHHe pe3s0pOUnNH KOJIONa B KaxXOM 
(bouKye Co“eTaeTCA C HCUC3HOBEHHEM MOJIOCTH — B CBA3H C TeM, YTO yuacT- 
BOBaBLUHe JO STOFO B pe3sOPpOUMH KOMNONAa OOBINHbIC KI€TKH Tak%Ke mpeBpa~ 
maioTcaA B CBeTuIble. HanOomee MOJIOAbIe CBeTJIbIC KJICETKH MMECIOT MVJIOTHBI O60- 
OK SHAOMNA3MbI BOKPyr yKPyMHMBUerocaA Apa, H B dbase UX BLIKMMHHBaHHA 
OHM Yallle BCTpeyaloTca B CTeHKe (OMIUKYJOB. 

Togcyetbi noKasasu, YTO CpeWHee YHCJIO KIETOK JIA OTLebHOTO (omIMK ya 
OmpeeseHHOH 30HbI IPHMePHO PaBHO YUCY CBETJIbIX KIeTOK OOPa3soBaBllleroca 
ocTpoBka. OTJeuIbHbIe OCTPOBKH MOTFYT CJIMBaTbCA C COCeMHUMH HIM TeCHO Apyr 
¢ pyroM KOHTaKTHpOBaTb. OTO BUAHO Ha puce. | 3 u, ocobeHHO, Ha pune. | u; 
B TocaeqHeM Clyuae H Ha puc. | e coxpaHaeTcA MexkAy OCTpoBKaMu MpocsolKa 
MOKDPOMIAKYIAPHOH COeAHHUTeIbHOH TKaHH. 

OHOK U3 (PYHKIMOHAIbHbIX OCOOCHHOCTeH LIHTOBUAHOM *Kee3bl ABIAeTCA 
JeCKBaMalUA B NOJOCTh (POMIMKYIa SMMTeIMAIbHbIX KIeTOK. HeKxotoppie aB- 
TOPbI CKJIOHHbI BUJETb B 3TOM IIpOllecce TOJIOKPHHOBbIM THM CeKPELHH B ILUTO- 
BHAHOH 2*eese (1°). JLeckBaMHpoBaHHble KJIeTKM He BCera nosBepraioTes me- 
pepoxeHuio. Uacrb JecCKBaMHPOBaHHbIX KJI€TOK MOXKET MePpeXKUBaTb B KOJI- 
JIOMMHOM Macce, YKPYNHAACh Mp 39TOM B PasMepaXx, MPH ABMeCHHAX OOeLHEHHA 
ajpa XpomMaTHHoM (*°).MoxKHO aHaJsIOrH3HpoOBaTb HaOwloO,aBlinecd HaMu SABVIe- 
HHA C H3BECTHBIM MpoleccoM ecKBaMaUMH KJIeTOK, HO HalpaBJIeCHHbIM He HHTPa- 
PouJIMKYAPHO, a 9KCTpacoIMKyAApHO (napadousmukyApHo). He ucKkmo4eHo, 
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0 Taka aHaJIOPHA ABJIACTCA JIMUIb BHEWHEH, MOCKOJIbKy BO BC€X H3y4eCHHbIX 
IMM CJIy4aAX BOBCe He HaOOLaOCh THIMYHON WeCKBaMallWU THPCOHAHHIX Ke- 
K B MOMOCTh PoHK ya. ComocTaBsieHHe TaKHX ABJICHHH MOKa3aTeJIbHO B TOM 
‘“HOWIEHHH, YTO KJIETKH THPCOHAHOTO SMUHTEHA BbIXOAAT H3 CHCTEMBI CJIOXKHB- 
HMXCA KOPpesIAWHH Pa3sHbImMH cnocobamu. 

Tlocne npekpalleHunA aun npenapaToB B OMHOPOAHOL macce cBeTJIbIX KJe- 
)K OCTPOBKa OOHAPyXHBalOTCA HeOOMbIWINe KaMIM KUAKOTO KOsMONAa, pacno- 
ararolleroca HHOra B WHTOMIAsMe, HO Yallle — mMexkKy ksleTkamu. Boxpyr 
IKHX YBeJIMYHBAIOUMXCA Kaleb HaMeuaeTCA KOJIbUeOOpasHoe Pacnosmo*weHne 
3MCHAIOWIMX CBOH CBOHCTBa H MOopdouorHyecKne IpH3HaKH KPYMHBIX KJIeTOK. 

PesysbTaTbI HaltMx HaOOJeHHH ykKa3bIBaloT Ha jaOWJIbHOCTb JeTepMuHa- 
AH (OJWIMKYIAPHOH CTpyKTypbl WHTOBMAHOH x*Keespl. JlaOumbHOcTb JeTep- 
MHAWHH peAcTaBsAeT, Mbl MOJlaraeM, OObINHOe CBOHCTBO THPeCOMAHOFO STIHMTE- 
A, HEOAMHAKOBO IIPOSIBJIAIOWeCeCA B Pa3HOM BO3PacTe HM Y Pa3HbIX 2KMBOTHBIX. 
JIA IMCHKOB B 9TOM OTHOLIEHHH XAPaKTePHbIM ABJIACTCA BbICOKaH PCAKTHBHOCTb 
{peOHHOH TKAHH HM WHKJIMUHOCTh KJICTOUHDIX TIpeoOpas0BaHHH, OCYLLeCTBIAIO- 
(AXCA Yepes (asy NOMHOH yTpaTbl THNMYHOH CTPyKTypbl, C H3MeHeHHeM Opra- 
H3alHH OTCJIbHBIX KJIETOK H MOCeLyIOULeM HX yYaCTHH B (OPMHPOBaHHH HO- 
bIX (PYHKUMOHHPYIOULNX COJINKYJIOB. 


BoponexcKuHH rocyJapCTBeHHbIit Tloctynut0 
MeJMUMHCKHH MHCTHTYT 6 VI 1959 
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